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SPECIAL NOTES 


API publications necessarily address problems of a general nature. With respect to partic- 
ular circumstances, local, state, and federal laws and regulations should be reviewed. 

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to 
warn and properly train and equip their employees, and others exposed, concerning health 
and safety risks and precautions, nor undertaking their obligations under local, state, or fed- 
eral laws. 

Information concerning safety and health risks and proper precautions with respect to par- 
ticular materials and conditions should be obtained from the employer, the manufacturer or 
supplier of that material, or the material safety data sheet. 

Nothing contained in any API publication is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod- 
uct covered by letters patent. Neither should anything contained in the publication be con- 
strued as insuring anyone against liability for infringement of letters patent. 

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every 
tive years. Sometimes a one-time extension of up to two years will be added to this review 
cycle. This publication will no longer be in effect five years after its publication date as an 
operative API standard or, where an extension has been granted, upon republication. Status 
of the publication can be ascertained from the API Measurement Coordination Department 
[telephone (202) 682-8000]. A catalog of API publications and materials is published annu- 
ally and updated quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005. 

This document was produced under API standardization procedures that ensure appropri- 
ate notification and participation in the developmental process and is designated as an API 
standard, Questions concerning the interpretation of the content of this standard or com- 
ments and questions concerning the procedures under which this standard was developed 
should be directed in writing to the director of the Measurement Coordination Department 
(shown on the title page of this document), American Petroleum Institute, 1220 L Street, 
N.W., Washington, D.C. 20005. Requests for permission to reproduce or translate ail or any 
part of the material published herein should also be addressed to the director. 

API standards are published to facilitate the broad availability of proven, sound engineer- 
ing and operating practices. These standards are not intended to obviate the need for apply- 
ing sound engineering judgment regarding when and where these standards should be 
utilized. The formulation and publication of API standards is not intended in any way to 
inhibit anyone from using any other practices. 

Any manufacturer marking equipment or materials in conformance with the marking 
requirements of an API standard is solely responsible for complying with all the applicable 
requirements of thal standard. API does not represent, warrant, or guarantee that such prod- 
ucts do in fact conform to the applicable API standard. 


All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or 
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, 
without prior written permission from the publisher. Contact the Publisher, 

API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005. 
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FOREWORD 


This multi-part publication consolidates and presents standard calculations for the mea- 
surement of petroleum liquids using turbine or displacement meters. Units of measure in this 
publication are in International System (SI) and United States Customary (US Customary} 
units consistent with North American industry practices. 

This standard has been developed through the cooperative efforts of many individuals 
from industry under the sponsorship of the American Petroleum Institute and the Gas Pro- 
cessors Association. 

API publications may be used by anyone desiring to do so. Every effort has been made by 
the Institute to assure the accuracy and reliability of the data contained in them; however, the 
Institute makes no representation, warranty, or guarantee in connection with this publication 
and hereby expressly disclaims any liability or responsibility for loss or damage resulting 
from its use or for the violation of any federal, state, or municipal regulation with which this 
publication may conflict. 

This standard is under the jurisdiction of the API Committee on Petroleum Measurement, 
Subcommittee on Liquid Measurement. This standard shall become effective April 1, 1999, 
but may be used voluntarily from the date of distribution. Suggested revisions are invited and 
should be submitted to the Measurement Coordinator, American Petroleum Institute, 1220 L 
Street, N.W., Washington, D.C. 20005. 
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Chapter 12—Calculation of Petroleum Quantities 


Section 2—Calculation of Petroleum Quantities Using Dynamic 
Measurement Methods and Volumetric Correction Factors 


Part 3—Proving Reports 


0 Introduction 


When most of the older standards for the calculation of 
petroleum quantities were written, mechanical desk calcula- 
tors were widely used for calculating the measurement docu- 
ments. Tabulated values were used more widely than is the 
case today. Rules for rounding and the choice of how many 
figures to enter in each calculation step were often made by 
individual operators at the time of the calculation. As a 
result, different operators obtained different results from the 
same data. 

This multi-part publication consolidates and standardizes 
the calculations pertaining to metering petroleum liquids 
using turbine or displacement meters and clarifies terms and 
expressions by eliminating local variations of such terms. The 
purpose of standardizing the calculations is to produce identi- 
cal answers from given data. For different operators to obtain 
identical results from the same data, the rules for sequence, 
rounding, and discrimination of figures (or decimal places) 
must be defined. 


1 Scope 


This part provides standardized calculation methods for the 
determination of meter factors under defined conditions, 
regardicss of the point of origin or destination or units of 
measure required by governmental customs or statute. The 
criteria contained here will allow different entities using vari- 
ous computer languages on different computer hardware (or 
by manual calculations) to arrive at identical results using the 
same standardized input data, 

This document also specifies the equations for computing 
correction factors, including the calculation sequence, dis- 
crimination levels, and rules for rounding to be employed in 
the calculations. No deviations from these specified equations 
are permitted, since the intent of this document is to establish 
a rigorous standard. 


2 Organization of Standard 


The caiculation standard is presently organized into five 
parts as follows: Part | contains a general introduction to 
dynamic calculations. Part 2 focuses on the calculation of 
metered quantities. Part 3 applies to meter proving calcula- 
tions. Parts 4 and 5 apply to the calculation of base prover 
volumes by two different methods. A bricf description of each 
of these parts follows. 
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2.1 PART 1—INTRODUCTION 


2.1.1 The base (reference or standard) volumetric determi- 
nation of metered quantities is discussed, along with the gen- 
eral terms required for solution of equations. 


2.1.2 General rules for the rounding of numbers, including 
field data, intermediate calculation numbers, and discrimina- 
tion levels, are specified. 


2.1.3 For the proper use of this standard, prediction of the 
density of the liquid i both flowing and base conditions is 
discussed. 


2.1.4 An explanation of the principal correction factors 
associated with dynamic measurement is presented. 


2.2 PART 2—CALCULATION OF METERED 
QUANTITIES 


2.2.1 The application of this standard to the calculation of 
metered quantities is presented, for base volumetric calcula- 
tions in conformance with North American industry practices. 


2.2.2 Recording of field data, rules for rounding, discrimi- 
nation levels, calculation sequences, along with a detailed 
explanation of the calculation steps, are all specified, 
together with appropriate flow charts and a set of example 
calculations. These examples can be used to aid in checking 
out the procedures for any computer calculation routines that 
are developed on the basis of the requirements stated in this 
standard. 


2.3. PART 3—PROVING REPORTS 


2.3.1 The application of this standard to the calculation of 
meter factors is presented for base volumetric calculations in 
conformance with North American industry practices. Prov- 
ing reports are utilized to calculate meter correction factors 
and/or performance indicators. The determination of the 
appropriate terms is based on both the hardware and the pref- 
erences of users. 


2.3.2 Recording of field data, rules for rounding, calcula- 
tion sequence, and discrimination levels are specified, along 
with a set of example calculations. The examples are designed 
to aid in checkout procedures for any computer routines that 
are developed using the requirements stated in this part. 
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2 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES 


2.4 PART 4—CALCULATION OF BASE PROVER 
VOLUMES BY WATERDRAW METHOD 


2.4.1. The waterdraw method uses the displacement (or 
drawing) of water from a prover into certified volumetric field 
standard test measures. Alternatively, for open tank provers, 
the waterdraw method may also use the displacement (or 
drawing) of water from ficld standard test measures into the 


open tank prover. Certification of the field standard test mea-— 


sures must be traccable to an appropriate national weights 
and measures organization. 


2.4.2 Recording of field data, rules for rounding, calcula- 
tion sequence, and discrimination levels are specified, along 
with a set of example calculations. The examples are 
designed to aid in checkout procedures for any routines that 
are developed using the requirements stated in this part. 


2.5 PART 5—CALCULATION OF BASE PROVER 
VOLUMES BY MASTER METER METHOD 


2.5.1. The master meter method uses a transfer meter (or 
transfer standard). This transfer meter is proved under actual 
operating conditions, by a prover that has previously been 
calibrated by the waterdraw method, and is designated the 
master meter. This master meter is then used to determine the 
base volume of a field operating prover. 


2.5.2 Recording of field data, rules for rounding, calcula- 
tion sequences, and discrimination levels are specified, along 
with a sct of example calculations. The examples are 
designed to aid in the checkout procedures for any routines 
that are developed using the requirements stated in this part. 


3 References 


Several documents served as references for the revisions of 
this standard. In particular, past editions of AP! MPMS Chap- 
ter 12.2 provided a wealth of information. Other publications 
that were a resource for information are: 


API 
Manual of Petroleum Measurement Standards (MPMS) 

Chapter 4—Proving Systems 
Chapter 5—Metering 
Chapter 6—Metering Assemblies 
Chapter 7—Temperature Determination 
Chapter 9—Density Determination 
Chapter 10—Sediment and Water 
Chapter | 1—Physical Properties Data 
Chapter |3—Statistical Analysis 


ASTM! 


D1250 Petroleum Measurement Tables, Current Edition 


'American Society for Testing and Matcrials, 100 Barr Harbor 
Drive, West Conshohocken, Pennsylvania 19428. 
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D1250 Petroleum Measurement Tables, Historical Edi- 
tion, 1952 
D1550 ASTM Butadiene Measurement Tables 
DI555 Calculation of Volume and Weight of Industrial 
Aromatic Hydrocarbons 
NIST2 


Handbook 105-3 Specifications and Tolerances for Refer- 
ence Standards and Field Standards 
Handbook 105-7 Small Volume Provers 


4 Terms and Symbols 


Terms and symbols described below are acceptable and in 
common use for the calibration of flow meters. 


4.1. DEFINITIONS OF TERMS 


4.1.1 barrel (Bbl): A unit volume equal to 9,702.0 cubic 
inches or 42.0 U.S. gallons. 


4.1.2 base prove volume (BPV): The volume of the 
prover at base conditions as shown on the calibration certifi- 
cate and obtained by arithmetically averaging an acceptable 
number of consecutive calibrated prover volume (CPV) deter- 
munations. 


4.1.3 calibration certificate: A document stating the 
base prover volume (BPV) and other physical data required 
for the calibration of flow meters (i.e., E, Gc, Ga, and Gl). 


4.1.4 composite K-factor (CKF): A K-tactor adjusted 
from normal operating pressure (CPL) to standard pressure 
and used to correct the indicated volume where the gravity, 
temperature, and pressure are considered constant throughout 
the delivery. 


4.1.5 composite meter factor (CMF): A meter factor 
corrected from normal operating pressure (CPL) to base pres- 
sure. This term is used for meter applications where the grav- 
ity, temperature, and pressure are considered constant during 


the ticket period. 


4.1.6 cubic meter (m°): A unit of volume equal to 
1,000,000.0 milliliters (ml) or 1,000.0 liters. One cubic meter 
equals 6.28981 barrels. : 


4.1.7 gross standard volume (GSV): The metered vol- 
ume corrected to base conditions and also corrected for the 
performance of the meter (MF MMF, or CMF). 


4.1.8 indicated standard volume (/SV): The indicated 
meter volume (/V) corrected to base conditions. It does not 
contain any correction for the meter’s performance (MF, 
MME or CMF). 


2U.S. Department of Commerce, National Institute of Standards and 
Technology, Washington, D.C. 20234 (formerly National Bureau of 
Standards. 


STD. API/PETRO MPMS 12-2.3-ENGL 1998 MM 0732290 0612834 480 mm 


SECTION 2, PART 3—PROVING REPORTS 3 


4.1.9 indicated volume (/V): The change in the meter 
register head volume that occurs during a proving run (MRo — 
MRc). The word registration, though not preferred, often has 
the same meaning. Alternatively, indicated volume (/V) may 
also be determined by dividing the meter pulse output, NV or 
Ni, during a proving pass, by the nominal K-factor (NKF). 


4.1.10 K-factor (KF): The number of pulses generated by 
the meter per unit volume. A new K-factor may be deter- 
mined during each proving to correct the indicated volume to 
gross volume. If a new K-factor is not used, then a nominal 
K-factor may be utilized to generate a new meter factor, 
which will then correct the indicated volume of the meter to 
gross volume. 


4.1.11 liter (L): A unit of volume equal to 1,000.0 millili- 
ters (ml) or 0.001 cubic meters. One liter equals 0.264172 
U.S. gallons. 


4.1.12 master meter: A transfer device (meter) that is 
proved using a certified prover (called the master prover) and 
is then used to calibrate other meter provers or to prove other 
flow meters. 


4.1.13 master meter factor (MMF): A dimensionless 
term obtained by dividing the gross standard volume of the 
liquid passed through the master prover during proving by the 
indicated standard volume as registered by the master meter. 


4.1.14 master prover: A volumetric standard (displace- 
ment prover or open tank prover), that was calibrated by the 
waterdraw method, with test measures traceable to a national 
standards organization, and is then used to calibrate a master 
meter. 


4.1.15 meter accuracy (MA): Defined as the reciprocal 
of the meter factor. It is a term specifically utilized for loading 
rack meters where the meter is mechanically or electronically 
adjusted at the time of proving to ensure that the meter factor 
is approximately unity. 


4.1.16 meter factor (MF): Used to correct the indicated 
volume of a meter to its actual metered volume. It is a dimen- 
sionless term obtained by dividing the gross standard volume 
of the liquid passed through the prover (GSVp) when com- 
pared to the indicated standard volume ({SVim) as registered 
by the meter being proved. 


4.1.17 meter reading (WRo, MAc, MMRo, MMRc): 
The instantaneous display of the register on a meter head. 
When the difference between a closing and an opening meter 
reading is being discussed, such difference shall be called an 
indicated volume. 


4.1.18 nominal K-factor (NKF): The number of pulses 


per indicated unit volume which is used to determine the 
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meter factor. It is a K-factor generated by the manufacturer, 
retained as a fixed value, and used to convert meter pulses, N 
or Ni, into an indicated volume (/V) during meter proving. 
Many installations use a nominal K-factor throughout the 
operating life of the meter to provide an audit trail for meter 
proving. 


4.1.19 pass: A single movement of the displacer between 
detectors which define the calibrated volume of a prover. 


4.1.20 pressure weighted average (PWA): The aver- 
age liquid pressure at the meter for the ticket period. 

For volumetric methods, the pressure weighted average is 
the average of the pressure values sampled. at uniform flow 
intervals and is representative of the entire measurement 
ticket period. 


where 


n = the number of uniform intervals. 


For time-based methods, the pressure weighted average is 
the sum of the pressure values sampled during the time 
interval multiplied by the volume or mass determined dur- 
ing the same time interval and divided by the entire volume 
measured. 


peas SY (Pix Vi) 
= Vt 


4.1.21 proving report: A document showing all the 
meter and prover data, together with all the other parameters 
used to calculate the reported meter factor. 


4.1.22 round-trip: The combined forward (out) and 
reverse (back) passes of the displacer in a bidirectional meter 
prover. 


4.1.23 run, meter proving: One pass of a unidirectional 
prover, one round-trip of a bidirectional prover, or one filling/ 
emptying of a tank prover, the results of which are deemed 
sufficient to provide a single value of the meter factor (MF, 
CME, MMP) or K-factor (KF, CKF) when using the average 
meter factor method of calculation. 


4.1.24 temperature weighted average (TWA): The 


average liquid temperature at the meter for the ticket period. 


For volumetric methods, the temperature weighted average 
is the average of the temperature values sampled at uniform 
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flow intervals and representative of the entire measurement 
ticket period. 


S (Ti) 


TWA = — 


n 


where 


n = the number of uniform intervals. 


For time-based methods, the temperature weighted aver- 
age is the sum of the temperature values sampled during the 
lime interval multiplied by the volume or mass determined 
during the same time interval and divided by the entire vol- 
ume measured. 


satate Stix Vi) 
~ Vt 


4.1.25 U.S. gallon (gal): A unit volume equal to 231.0 


cubic inches or 3.78541 liters. 


4.2 DEFINITIONS OF SYMBOLS 


A combination of upper and lower case notation is used for 
symbols and formulas in this publication. Subscripted nota- 
tion is often difficult to use in word-processed documents and 
therefore has not been used in this publication, but may be 
employed if the parties wish. Upper case notation is usually 
preferred for computer programming and other documents as 
deemed appropriate. 

Symbols have been defined to aid in clarity and specificity 
of the mathematical treatments. Some examples of the sym- 
bol notation are as follows: CTL = Correction for Tempera- 
ture on the Liquid: GSV = Gross Standard Volume; MMF = 
Master Meter Factor. CPS = Correction for Pressure on 
Steel. In many cases the symbols have additional letters 
added at the end to help clarify their meaning and application. 
Some of these additional letters are defined as follows: “m” 
throughout this document always refers to the meter (as in 
CTLm), “p” always applies to the meter prover (as in GSVp), 
“b” means base conditions (as in DEND), “obs” is observed 
conditions (as in RHQobs), “avg” defines the average (mean) 
of the readings {as in Tp(avg)], “mm” denotes master meter 
(as in Pmm), and “mp” the master prover (as in CCFmp). 
Where, occasionally, other additional letters have been used 
they should be just as casy to interpret. 


4.2.1 Units 


SI International System of Units (e.g., bars, cubic 
meters, kilograms, °C). 

USC US Customary Units (e.g., psig, cubic feet, 
pounds, °F). 
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4.2.2 Pipe Dimensions 


ID Inside diameter of the prover pipe. 
OD Outside diameter of the prover pipe. 
WT Wall thickness of the prover pipe. 


4.2.3 Liquid Density 


API Density of liquid in degree API gravity units. 

APIb Base density in degree API gravity units. 

APlobs — Observed density at base pressure in degree 
API eravity units. 

DEN Density of liquid in kilogram/cubic meter (kg/m?) 


units. 

DENb Base density of liquid in kilogram/cubic meter 
(kg/m) units. 

DENobs_ Observed density of liquid at base pressure in 
kilogram/cubic meter (kg/m?). 

RD Relative density of the liquid. 

RDb Base relative density of the liquid. 

RDobs Observed relative density of the liquid at base 
pressure. 


RHO Density of liquid (SI or US Customary) in mass 
per unit volume. 

Liquid density at base conditions in mass per 
unit volume. 

RHOobs Observed density of liquid at base pressure in 
mass per unit volume. 

Liquid density at flowing temperature and pres- 
sure in mass per unit volume. 


RHOb 


RHOtp 


4.2.4 Temperature 


T Temperature in °F or °C. 

Tb Base temperature in °F or °C units. 

Tobs Observed temperature to determine base density 
in °F or °C units. 

Td Temperature of detector mounting shaft on 


small volume prover with external detectors. 


Td(avg) Average temperature of the detector mounting 
shafi for proving runs, in °F or °C. 

Tm Temperature of meter in °F or °C units. 

Tm(avg) Average temperature of meter for selected runs 
in °F or °C. 

Tmm Temperature of master meter in °F or °C. 


Tmm(avg) Average temperature of master meter for selected 
proving runs in °F or °C. 

Tp Temperature of prover in °F or °C. 

Tp(avg) Average temperature of prover for selected prov- 
ing runs in °F or °C. 

Tmp Temperature of master prover in °F or °C. 

Tmp(avg) Average temperature of master prover for 
selected proving runs in °F or °C. 
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Temperature weighted average—the average 
liquid temperature at the meter determined over 
the whole delivery period. 


4.2.5 Pressure 


Pmi(avg) 


Pmm 


Kilopascals (SI) in absolute pressure units. 
Kilopascals (SD) in gauge pressure units. 
Pounds per square inch (US Customary) pres- 
sure units. 

Pounds per square inch (US Customary) in 


absolute pressure units. 

Pounds per square inch (US Customary) in 
gauge pressure units. 

Operating pressure in psi or kPa pressure units. 
Operating pressure in absolute pressure units 
Base pressure in psi or kPa pressure units. 

Base pressure in absolute pressure units. 

Base pressure in gauge pressure units. 
Operating pressure in gauge pressure units. 
Pressure of liquid in meter, in gauge pressure 
units. 

Average pressure of meter for selected proving 
runs in gauge pressure units. 


Pressure of liquid in master meter in gauge 
pressure units. 


Pmm/(avg) Average pressure of master meter for selected 


Pp 
Pp(avg) 
Pmp 
Pmp(avg) 
Pe 

Peb 

Pem 

Pep 
Pemm 
Pemp 


PWA 


proving runs in gauge pressure units. 

Pressure of liquid in prover, in gauge pressure 
units. 

Average Pressure of prover for selected proving 
runs in gauge pressure. 

Pressure of liquid in master prover in gauge 
pressure units. 

Average pressure of master prover for selected 
proving runs gauge pressure. 

Equilibrium vapor pressure at operating condi- 
tions, in absolute pressure. 

Equilibrium vapor pressure of liquid at base 
temperature, in absolute pressure. 

Equilibrium vapor pressure of liquid in meter, 
in absolute pressure units. 

Equilibrium vapor pressure of liquid in prover, 
in absolute pressure units. 

Equilibrium vapor pressure of liquid in master 
meter, in absolute pressure 

Equilibrium vapor pressure of liquid in master 
prover, in absolute pressure 

Pressure weighted average—the average liquid 
pressure at the meter determined over the 
whole delivery period. 
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4.2.6 Correction Factors 


CCF 
CCFm 


CCFp 
CCFmm 
CCFmp 
CPL 
CPLm 
CPLp 
CPLmm 
CPLmp 


CPS 
CPSm 


CPSp 
CPSmp 
CTL 
CTLm 
CTLp 
CTLmm 
CTLmp 
CTS 


CTSm 


Fm 


Combined correction factor. 

Combined correction factor for meter at prov- 
ing conditions. 

Combined correction factor for prover at prov- 
ing conditions. 

Combined correction factor for master meter at 
proving conditions. 

Combined correction factor for master prover 
at proving conditions. 

Basic correction for the compressibility of a 
liquid. 

Correction for compressibility of liquid in 
meter at proving conditions. 

Correction for compressibility of liquid in 
prover at proving conditions. 

Correction for compressibility of liquid in mas- 
ter meter at proving conditions. 

Correction for compressibility of liquid in mas- 
ter prover at proving conditions. 

Basic correction for the pressure effects on steel. 
Correction for the effect of pressure on steel 
meter. 

Correction for the effect of pressure on steel 
prover. 

Correction for the effect of pressure on steel in 
a master prover. 

Basic correction for the effect of temperature 
on a liquid. 

Correction for the effect of temperature on a 
liquid in a meter at proving conditions. 
Correction for the effect of temperature on a 
liquid in a prover at proving conditions. 
Correction for the effect of temperature on a 
liquid in a master meter. 

Correction for the effect of temperature on a 
liquid in a master prover. 

Basic correction for the effect of temperature 
on steel. 

Correction for the effect of temperature on steel 
meter. 

Correction for the effect of temperature on steel 
in a prover. 

Correction for the effect of temperature on steel 
in a master prover. 

Modulus of elasticity of a steel prover. 
Compressibility factor of liquid in meter (for 
CMF and ticket calculations). 

Compressibility factor of liquid in meter at 
proving conditions. 

Compressibility factor of liquid in prover at 
proving conditions. 
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4.2.7 Volumes 


BPV Base prover volume of a displacement prover. 
BPVa Adjusted tank prover volume, defined as the 
difference between the upper and lower scale 
readings during a proving run. 

Base prover volume of a master prover. 
Adjusted base prover volume of a tank prover 
when used as a master prover. 

MRo Opening meter reading. 

MRc Closing meter reading. 


BPVmp 
BPVamp 


MMRo Opening master meter reading. 

MMRc Closing master meter reading. 

GSV Gross standard volume. 

GSVmm Gross standard volume of master meter for 
proving operations. 

GSVmp Gross standard volume of master prover for 
proving operations. 

GSVp Gross standard volume of prover for proving 
operations. 

IV Indicated volume. 

Vim Indicated volume of meter for proving 
operations. 

Vm Indicated volume of master meter for proving 
operations. 
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Fmm Compressibility factor of liquid in master meter ISV Indicated standard volume. 
at proving conditions. [SV Indicated standard volume of meter for proving 
Fp Compressibility factor of liquid in master operations. 
prover at proving conditions. iSVmm Indicated standard volume of master meter for 
Gl Linear coefficient of thermal expansion on the proving operations. 
displacer shaft or the detector mounting for a N Number of whole meter pulses for a single 
small volume prover. proving run. 
Ga Area coefficient of thermal expansion of the Ni Number of interpolated meter pulses for a sin- 
prover, gle proving run. 
Ge Cubical coefficient of thermal expansion of the Nb Number of whole pulses or interpolated pulses 
DIOVEE under base or standard conditions. 
Gmp Cubical coefficient of thermal expansion of the Niavg) Average number of pulses or interpolated 
Pestle ee pulses for proving runs that satisfy the repeat- 
MA Meter accuracy factor. ability requirements. 
ME Meier FaGIO SRu Upper scale reading of atmospheric tank prover. 
CMF Composite meter factor. . SRI Lower scale reading of atmospheric tank prover. 
IMF Intermediate meter factor as determined by the 
average meter factor method. are 
Wie «Rie eee ae 5 Application of Chapter 12.2, Part 3 
NKF Nominal K-Factor, pulses per indicated unit 5.1 For fiscal and custody transfer applications, proving 
volume. i reports are written statements of the calibration of the meter. 
IKF Intermediate K-Factor as determined by the In addition, they serve as an agreement between the autho- 
average meter factor method. rized representatives of the partics concerned as to the calibra- 
KF K-Factor, pulses per unit volume. tion assigned to a meter. Proper accounting practices require 
CKF Composite K-Factor, pulses per unit volume. that a proving report contains all the field data required to cal- 
q One pulse volume, determined as a volume per culate the meter factor or composite meter factor. 
unit pulse. 5.2 The purpose of standardizing all the terms and arith- 


metical procedures employed in calculating the meter factor 
shown in a proving report is to avoid disagreement between 
the parties involved. Chapter 12.2, Part 3—-Proving Reports 
will obtain the same unbiased answer from the same mea- 
surement data, regardless of who or what does the computing. 


5.3 Some custody transfers of liquid petroleum, measured 
by meter, are sufficiently small in volume or value, or are per- 
formed at essentially uniform conditions, that the meter can 
be mechanically and/or electronically adjusted to read within 
a predetermined accuracy. The purpose of determining a 
meter factor is to ensure the accuracy of measurements, 
regardless of how the operating conditions change with 
respect to density, viscosity, flow rate, temperature or pres- 
sure, by always proving the meter under the specific operat- 
ing conditions encountered. 


5.4 Therefore, it must be noted that the meter factor as cal- 
culated by this standard is the meter factor at the operating 
conditions at the time of proving. It is not, as is often mistak- 
enly assumed, the meter factor at base (standard) conditions. 
Although both the prover volume and the meter volume in the 
calculations are adjusted by correction factors derived from 
the base temperature and base pressure, this is just the most 
convenient method of correcting for the temperature and 
pressure differences of the liquid when passing through the 
meter and the prover. The ratio between the prover volume 
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and the meter volume (GSVp and ISVm) establishes the meter 
factor at the applicable conditions (viscosity, temperature, 
flow rate, density, pressure, etc.) at the time of proving. 
Obtaining a meter factor at base conditions requires that the 
meter factor be multiplied by both the liquid temperature and 
pressure correction factors (CTL and CPL), which must be 
derived from the weighted average temperature, weighted 
average pressure, and weighted average density of the whole 
ticketed volume of the delivery. 


5.5 The recording of field data, the calculation sequence, the 
discrimination levels, and the rules for rounding, are all speci- 
fied, along with a set of example calculations. The examples 
may be used to aid in checking out procedures for any com- 
puter routines that are developed using the requirements stated. 


5.6 Care must be taken to ensure that all copies of a prov- 
ing report are correct and legible. Standard procedure does 
not allow making corrections or erasures on a proving report. 
It shall be voided and a new meter proving report prepared. 


6 Field of Application 
6.1 APPLICABLE LIQUIDS 


6.1.1 This standard applies to liquids that, for all practical 
purposes, are considered to be Newtonian, single-phase, and 
homogeneous at metering conditions. Most liquids and dense 
phase fluids associated with the petroleum and petrochemical 
industries are considered to be Newtonian. 


6.1.2 The application of this standard is limited to liquids 
which utilize tables and/or implementation procedures to cor- 
rect metered volumes at flowing temperatures and pressures 
to corresponding volumes at base (reference or standard) con- 
ditions. To accomplish this, the density of a liquid shall be 
determined by the appropriate technical standards, or, alterna- 
tively, by use of the proper density correlations, or, if neces- 
sary, by the use of the correct equations of state. If multiple 
parties are involved in the measurement, the method for 
determining the density of the liquid shall be mutually agreed 
upon by all concerned. 


6.2 BASE CONDITIONS 


6.2.1 Historically, the measurement of all petroleum liq- 
uids, for both custody transfer and process control, is stated in 
volume units at base (reference or standard) conditions. 


6.2.2 The base conditions for the measurement of liquids, 
such as crude petroleum and its liquid products, having a 
vapor pressure equal to or less than atmospheric pressure at 
base temperature, are: 


US Customary Units: 
Pressure 14.696 psia_ (101.325 kPa) 
Temperature 60.0°F (15.56°C) 
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International System (SD Units: 
101.325 kPa (14.696 psia) 
15.00°C (59.00°F) 


Pressure 
Temperature 


6.2.3 For fluids, such as gas/liquid hydrocarbons, having a 
vapor pressure that is greater than atmospheric pressure at 
base temperature, the base pressure shall be the equilibrium 
vapor pressure at base temperature. 


6.2.4 For liquid applications, base conditions may change 
from one country to the next due to governmental regulations 
or to different national standards requirements. Therefore, it 
is necessary that the base conditions shall be identified and 
specified for standardized volumetric flow measurement by 
all parties involved in the measurement. 


6.3 CLASSIFICATION OF PROVERS 


Provers are generally classified according to their type and 
design. However, present-day practice also requires that the 
method of pulse detection and the measurement technology 
utilized by the prover be specified. 

There are generally three main classes of liquid provers— 
displacement provers, tank provers, and master meters. 


6.3.1. Displacement Provers 


6.3.1.1 Within the classification of displacement provers is 
the common type generally known as the pipe prover. It is 
usually constructed of precisely rounded, coated sections of 
pipe, utilizing either a piston or sphere as the method of 
sweeping out the calibrated volume during a proving run. The 
pipe prover is defined as a prover whose volume is sufficient 
to generate a minimum of 10,000 whole, unaltcred pulses as 
generated by the primary measurement device between the 
detector switches for each pass of the displacer. This results in 
a proving pulse resolution of at least one part in ten thousand 


(0.0001). 


6.3.1.2 Also within this group of displacement provers is 
another prover type called the small volume prover (SVP). A 
small volume prover may be a pipe prover or a precision-built 
small volume proving device, utilizing either a machined 
metal piston or an elastomer sphere moving between preci- 
sion detectors. It is defined as a prover whose volume is not 
sufficiently large enough to generate 10,000 whole unaltered 
pulses as generated by the primary measurement device 
between the detector switches for each pass of the displacer. 
As a result, a measurement technique called pulse interpola- 
tion must be used. This has the capability to detect and inter- 
polate to fractions of a whole pulse, producing a pulse 
resolution of one part in ten thousand (0.0001) without hav- 
ing to generate 10,000 or more pulses per proving pass. 
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6.3.1.3 Displacement provers are further divided into two 
subgroups, consisting of either the unidirectional or bidirec- 
tional type of flow design. The primary difference between 
these two types is that the unidirectional prover requires only 
one proving pass (always in the same direction) of the dis- 
placer, between the detectors, to complete a proving run, The 
bidirectional prover requires two passes of the displacer 
between the detectors, one in a forward direction and another 
in the reverse (back) direction, the sum of these two passes 
constituting a proving round-trip. 


6.3.2 Atmospheric (Open) Tank Provers 


Atmospheric tank provers can be classified as either top- 
filling or bottom-filling proving devices. Both types have a 
smaller diameter upper neck attached to the top of the main 
body of the tank prover which contains a sight glass together 
with a graduated scale. Measurement of the liquid in the bot- 
tom of the tank prover before filling, or after draining, is done 
by one of three different types of bottom design. These types 
are defined as follows: 


a. An open tank prover with a top and bottom neck design— 
that is, having sight glasses and graduated scales on both 
upper and lower necks. This enables upper and lower liquid 
levels to be read and recorded. 

b. An open tank prover with a sight glass and graduated scale 
on the upper neck, This type has no measurement device at 
the bottom: it simply has a tapered bottom, drain line, and 
block valve, and is “drained” for a prescribed time to an 
empty condition that is repeatable. 

c. An open tank prover with a top neck having a sight glass 
and graduated scale. This type has a lower neck design that 
always reads zero due to a built-in weir in the bottom of the 
prover. This allows the liquid to flow until the U-bend in the 
weir is reached, breaking the siphon and stopping the flow at 
the same zero mark each time the tank prover is emptied. 


6.3.3 Master Meters 


The master meter is an indirect meter-proving device 
which utilizes the concept of transfer proving. A flow meter 
with good linearity and repeatability is selected to serve as a 
transfer standard between a meter operating in the field and a 
meter prover. The meter prover and the operating meter are 
often in different geographic locations, although sometimes 
the master meter and master prover are both in series with the 
meter to be proved. Two separate stages are necessary in mas- 
ter meter proving: first, the master meter must be proved 
using a meter prover (master prover) that has been calibrated 
by the waterdraw method. After proving, this master meter is 
used to determine a new meter factor for the ficld meter. Of 
all the different meter proving procedures, the master meter 
technique has a higher uncertainty, and particular care must 
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be taken when using this meter-proving practice to obtain 
accurate results. 


7 Precision, Rounding, and 
Discrimination Levels 


The minimum precision of the computing hardware must 
be equal to or greater than a ten-digit calculator to obtain the 
same answer in all calculations. 

The general rounding rules and discrimination levels are 
described in the following subsections. 


7.1 ROUNDING OF NUMBERS 


When a number is rounded to a specific number of deci- 
mals, it shall always be rounded off in one step to the number 
of figures that are to be recorded, and shall not be rounded in 
two or more steps of successive rounding. The rounding pro- 
cedure shall be in accordance with the following: 


a. When the figure to the right of the last place to be retained 
is 5 or greater, the figure in the last place to be retained should 
be increased by 1. 

b. If the figure to the right of the last place to be retained is 
less than 5, the figure in the last place to be retained should be 
unchanged. 


7.2 DISCRIMINATION LEVELS 


7.2.1 For field measurements of temperature and pressure, 
the levels specified in the various tables are maximum dis~ 
crimination levels. 


7.2.2 For example, if the parties agree to use a thermometer 
graduated in whole °F or '/3°C increments, then the device is 
normally read to levels of 0.5°F, or 0.25°C resolution. 


7.2.3 Likewise, if the parties agree to use a “smart” temper- 
ature transmitter which can indicate to 0.01°F or 0.005°C, 
then the reading shall be rounded to the nearest 0.1°F, or 
0.05°C, prior to recording for calculation purposes. 


8 Repeatability Requirements 


8.1 The meter proving is considered acceptable when the 
following criterion has been satisfied: 


* Proving repeatability shall be within a range not to 
exceed 0.050 percent (except in the case of proving a 
master meter with a master prover, when the repeatabil- 
ity shall be within a range not to exceed 0.020 percent). 


8.2 As a measure of repeatability, the following equation 
shall be utilized to calculate the range (repeatability): 


Max-—Min 


R& = ( 
Min 


}x 100 
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8.3 A minimum of two proving runs are required to use the 
above formula and determine if the repeatability criterion has 
been satisfied. 


8.4 Two different meter factor calculation methods are in 
common use and are described in this text. The two methods 
have been designated the Average Meter Factor Method and 
the Average Data Method. The average meter factor method 
uses a range of intermediate meter factors calculated for 
selected runs, with a repeatability criterion, not to exceed 
0.050 percent. The repeatability criterion for the average data 
method uses the range of meter generated pulses for selected 
runs, which shall not exceed 0.050 percent. 


8.5 In the case of proving a master meter with a master 
prover, then the acceptable range for repeatability by both the 
average meter factor method and the average data method 
shall not exceed 0.020 percent. 


8.6 Each operating facility shall select a preferred method 
of calculation at the time of start-up. If a user should wish to 
change to the other method of meter factor calculation at a 
later date, all of the interested parties involved in meter prov- 
ing operations should concur prior to any such change being 
implemented. 


9 Meter Proving Report Caiculation 
Methods 


9.1 The method of determining the number of proving runs 
to be made for an acceptable meter proving calibration shall 
be an operator-based (company policy) decision. Examples of 
calibration proving run sequences currently in use are 5 con- 
secutive runs out of a total of 6 consecutive runs, any 5 runs 
out of 6 consecutive runs, 5 consecutive runs out of 10 con- 
secutive runs, 3 sets of 5 runs, any 5 consecutive runs, 3 con- 
secutive runs, 2 sets of 10 runs. However, there are many 
other proving run sequences that are also regularly used. 
Some guidelines on selecting proving run sequences are pro- 
vided in the APJ MPMS Chapter 4.8—Guide to Proving 
Operations. The choice of the number of proving runs to be 
made is usually established on the basis of many factors, 
some of which are: manpower availability, installed equip- 
ment, prover design, automation, customer requirements, cor- 
porate measurement policy, pipeline tariffs, contracts, etc. No 
matter what sequence of acceptable meter proving runs are 
used, at least two proving runs are required to test that the 
repeatability requirernent has been achieved. 


9.2 As stated previously, there are two usual and acceptable 
meter factor calculation methods, both of which are in normal 
use and are described in this standard—the Average Meter 
Factor Method and the Average Data Method. 
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9.3. The average meter factor method calculates an inter- 
mediate meter factor (MF) or intermediate K-factor KF) 
for each selected proving run based on individual Tp, Tm, Pp, 
Pm, and Ni or N values. The average (mean) of these sepa- 
rately calculated intermediate meter factors (MF) or interme- 
diate K-factors ([KF) is used as the final meter factor or final 
K-factor for the proving report. 


Highest IMF —-Lowest IMF 


Lowest IMF )x 100 


Repeatability% = ( 


9.4 The range of the intermediate meter factors for the 
sclected proving runs is used to determine that the required 
repeatability requirement (<0.050 percent) has been satisfied. 


9.5 The average data method calculates the meter factor 
(MF) or K-tactor (KF) using Tp(avg), Tm(avg), Pplavg), 
Pm(avg), and N(avg) values from all the selected runs which 
satisfy the repeatability requirement (<0.050%). 


Highest N—Lowest N 


R tabilitv% = 
eerie a ( Lowest N 


) 100 


9.6 The range of the pulses (N) or interpolated pulses (Ni) 
for the selected runs is used to determine that the required 
repeatability requirement (<0.050 percent) has been satisfied. 


9.7 Problems are sometimes encountered when proving a 
meter that is temperature compensated using the average data 
method of calculation. Should the liquid temperature in the 
meter change during a proving pass, then the temperature 
compensator will make corrections to the shaft output of a 
mechanical compensator or change the pulse output of an 
electronic compensator. The amount of this pulse change is a 
function of two factors: 


a. The coefficient of expansion of the liquid in the meter. 
b. The total number of pulses generated during the meter 
proving pass. 


For example: 

If 40,000 pulses are generated during each meter proving 
pass and the coefficient of expansion per degree Fahrenheit of 
the fluid is 0.0005/°F, then: 


Pulse Change = 40,000 x 0.0005 = 20 pulses per °F 


In the above example, if the liquid temperature rises one 
degree Fahrenheit, then the total number of pulses generated 
during the proving pass will decrease by 20 pulses. Similarly, 
if the liquid temperature decreases one degree Fahrenheit, 
then the total number of pulses generated will increase by 20 
pulses. This phenomenon should be considered when evaluat- 
ing the repeatability of the meter pulse data and the advisabil- 
ity of using the average data method in this operation. 
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10 Correction Factors 


Calculations in this publication are based on correcting the 
measured volume of the petroleum liquid for the difference 
between the temperature and pressure of the liquid in the 
prover and the meter. Correction factors are provided to 
adjust the metered volume and the volume of prover to base 
conditions so that they may be compared on the same basis. 


10.1 LIQUID DENSITY CORRECTION FACTORS 
10.1.1. General 


10.1.1.1 The density of the liquid shall be determined by the. 


appropriate technical standards, or, alternatively, by use of the 
proper density correlations, or, if necessary, by the use of the 
correct equations of state. If multiple parties are involved in the 
measurement, the method selected for determining the density 
of the liquid shall be mutually agreed upon by all concerned. 


10.1.4.2 Appendix A contains a list of recommended liq- 
uids versus API correlations in accordance with the position 
paper issued by API in 1981. Where an API correlation does 
not currently exist, an appropriate ASTM standard has been 
provided to assist the user community. 


10.1.1.3 Liquid density correction factors are employed to 
account for changes in density due to the effects of tempera- 
ture and pressure upon the liquid. These correction factors 
are: 


a. CTL—corrects for the effect of temperature on the liquid 
density. 
b. CPL—corrects for the effect of pressure on the liquid 
density. 


10.1.2. Correction for Effect of Temperature on 
Liquid Density (CTL) 


10.1.2.1 If a volume of petroleum liquid is subjected to a 
change in temperature, its density will decrease as the tem- 
perature rises and increase as the temperature falls. This den- 
sity change is proportional to the thermal coefficient of 
expansion of the liquid and the temperature. 


10.1.2.2 The correction factor used for the effect of tem- 
perature on the density of a liquid is called CTL. This CTL 
factor is a function of the base density (RHOD) of the liquid 
and its temperature (7). 


10.1.2.3 AP! MPMS Chapter 11.1—Volume Correction 
Factors, Volume X, Background, Development, and Program 
Documentation, provides the source documentation for com- 
puter programs to determine CTL for crude oils and petro- 
leum products. CTL correction factors can also be determined 
by use of various standards (ASTM, API, IP, ISO, etc.) and 
also from industry accepted tables. Appendix A contains 
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assistance in determining an appropriate reference to enable 
the correct CTL to be determined for the liquid involved. 


10.1.3 Equilibrium Vapor Pressure 


10.1.3.1. Equilibrium vapor pressure (Pe) can be defined as 
the pressure required to maintain the liquid state at a given 
temperature. Liquefied gases and other volatile liquids have 
an equilibrium vapor pressure higher than atmospheric pres- 
sure at their proving temperature. When proving a meter con- 
taining these types of fluids, the value of the equilibrium 
vapor pressure at the proving conditions is required. To calcu- 
late a meter factor for these fluids currently requires the use of 
API MPMS Chapter 11.2.2 for the CPL factor and API histor- 
ical Table 24 for the CTL factor, until such time that they are 
superseded by new API standards. 


10.1.3.2 The equilibrium vapor pressure of a fluid can be 
determined by appropriate technical standards, alternatively, 
by the use of vapor pressure correlations, or, by the use of the 
correct equations of state. If multiple parties are involved in 
the meter proving, then the method selected for determining 
the equilibrium vapor pressure of the fluid shall be mutually 
agreed on by all concerned. 


10.1.3.3 A field method, sometimes used to determine the 
equilibrium vapor pressure at proving conditions, is to isolate 
the meter prover after proving and immediately vent off a 
small amount of fluid. The pressure in the prover will quickly 
drop until it reaches a constant reading. The constant reading is 
considered the equilibrium vapor pressure at the proving con- 
ditions. At this point, the venting should be stopped, the pres- 
sure gauge read, and the reading recorded as either “gauge” or 
“absolute” as appropriate. Venting too aggressively can cause 
the temperature to be lowered, which would compromise the 
accuracy of the equilibrium vapor pressure determination since 
proving conditions (temperature) would not be maintained. 


10.1.4 Correction for Effect of Compressibility on 
Liquid Density (CPL) 


If a petroleum liquid is subjected to a change in pressure, 
the liquid density will increase as the pressure increases and 
decrease as the pressure decreases. This density change is 
proportional to the compressibility factor (F) of the liquid, 
which depends upon both its base density and the liquid tem- 
perature. The correction factor used for the effect of com- 
pressibility on liquid density is called CPL. References to the 
appropriate standards for the compressibility factor (F) may 
be found in AP] MPMS Chapter 11.2.1, AP] MPMS Chapter 
11.2.2, or their metric equivalents, and Appendix A of this 
standard. CPL can be expressed as: 


ot eee 
Vo 1-\(P—Pe)xF] 
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where 
Ve = volume at equilibrium pressure (Pe) at operat- 
ing temperature, 


Vo = volume at operating pressure (P) at operating 
temperature e. 


a. Where the operating pressure is in gauge pressure units: 


l 


Chia par Pha PARE 


Pg = operating pressure of the liquid in gauge pres- 
sure units, 

Pha = base pressure in absolute pressure units, 

Pe = equilibrium vapor pressure at the temperature 
of the liquid being measured, in absolute pres- 
sure units, 

F = compressibility factor for the liquid. 


b. Where the operating pressure is in absolute pressure units: 


I 


Chess 1—[(Pa—Pe)xF]’ 


where 
Pa = Pg+Pba, 
Pa = operating pressure of the liquid in absolute 
pressure units, 
Pe = equilibrium vapor pressure at the temperature 
of the liquid being measured, in absolute pres- 
sure units, 


F = compressibility factor for the liquid. 


The liquid equilibrium vapor pressure (Pe) is considered to 
be equal to the base pressure (Pba) for liquids that have an 
equilibrium vapor pressure less than, or equal to, atmospheric 
pressure at the flowing temperature. 


10.2 PROVER CORRECTION FACTORS 
10.2.1 General 


Correction factors are employed to account for changes in 
the prover volume due to the effects of temperature and pres- 
sure upon the steel. These correction factors are: 


a. CTS, which corrects for thermal expansion and/or contrac- 
tion of the steel in the prover shell due to the average prover 
liquid temperature. 

b. CPS, which corrects for pressure expansion and/or con- 
traction of the steel in the prover shell due to the average 
prover liquid pressure. 
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10.2.2 Correction for the Effect of Temperature on 
Steel (CTS) 


Any metal container, be it a pipe prover, small volume 
prover, tank prover, etc., when subjected to a change in tem- 
perature, will change its volume accordingly. This volume 
change, regardless of shape of the prover, is proportional to 
the cubical coefficient of thermal expansion of the material. 
The cubical coefficient of thermal expansion is valid when 
the calibrated section of the prover and its detector switch 
mountings are constructed of a single material. 


10.2.3 Corrections for Single-Walled Prover 


The CTS for pipe provers and open tank provers assumes a 
singular construction material and may be calculated from: 


CTS = 14+ [((T-Tb)x Gel, 


where 


Ge = mean coefficient of cubical expansion per 
degree temperature of the material of which the 
container is made between 76 and T, 


Tb = base temperature, 


T = average liquid temperature in the container. 


The cubical coefficient of expansion (Gc), for a displace- 
ment prover or open tank prover shail be the one for the mate- 
rials used in the construction of its calibrated section. Should 
the coefficient of expansion be unknown, then the Ge values 
contained in Table 6 shall be used. 

The cubical coefficient of expansion (Gc) on the report of 
calibration furnished by the calibrating agency is to be used 
for that prover. 


10.2.4 Corrections for Displacement Pipe Provers 
with External Detectors 


The cubical cocfficient of expansion used to calculate CTS 
for some displacement pipe provers must sometimes be mod- 
ified because of their design. In a special case, where the 
detector(s) are mounted externally and are not on the prover 
barrel itself, the volume changes that occur due to tempera- 
ture are defined in terms of the area change in the prover bar- 
rel, and a distance change between the detector positions. 
While occasionally these detector positions may be on a car- 
bon or stainless steel mounting shaft, it is much more likely 
that they will be on a mounting made of a special alloy (c-.g., 
Invar) that has a very small linear coefficient of expansion. 

For displacement pipe provers, which utilize detectors not 
mounted on the calibrated section of the pipe but are attached 
to a separate shaft (e.g., small volume provers), the correction 
factor for the effect of temperature (CTS) shall be modified 
and calculated as follows: 
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CTS = {1+ [(%p — Tb) x Ga)} x {1 + [(Wd—- Tb) x Gi}, 


where 


Ga = area thermal coefficient of expansion for the 
prover chamber, 


GI = linear thermal coefficient of expansion of the 
displacer shait, 
Tb = base temperature, 


Td = temperature of the detector mounting shaft or 
the displacer shaft with external detectors, 


Tp = temperature of the liquid in the prover chamber. 


The linear and area thermal coefficients of expansion shall 
be the ones for the materials used in the construction of the 
prover. The values contained in Table 6 shall be used if the 
coefficients are unknown. 


10.2.5 Correction for the Effect of Pressure on 
Steel (CPS) 


If a metal container such as a pipe prover or a tank prover 
is subjected to an internal pressure, the walls of the container 
will stretch elastically and the volume of the container will 
change accordingly. 


10.2.6 Correction for Single-Walled Prover 


While it is recognized that simplifying assumptions enter 
into the equations below, for all practical purposes the correc- 
tion factor for the effect of the internal pressure on the volume 
of a cylindrical container, called CPS, may be calculated 
from: 


(Pg —-Pbg)xID 
pps oe Ore 
CPS = 14-8 


Since Pbg is 0 psi gauge pressure, the equation simplifies to: 


PgxID 


CPS =1 
+ EXWT 


ID = OD-(2xWT), 
Pg = internal operating pressure of the prover, in 
gauge pressure units, 


Pbe = base pressure, in gauge pressure units, 
ID = internai diameter of the prover, 
E = modulus of elasticity for the prover material, 
OD = outside diameter of the prover, 


WT = wall thickness of the prover. 


Copyright por American Petroleum Institute 
Fri Jan 11 21:57:02 2002 


The modulus of elasticity (E) for a pipe prover or open 
tank prover shall be the one for the materials used in the con- 
struction of the calibrated section. The values contained in 
Table 7 shall be used if FE is unknown. 


10.2.7 Correction for Double-Walled Prover 


Some provers are designed with a double wall to equalize 
the pressure inside and outside the calibrated chamber. In 
this case, the inner measuring section of the prover is not 
subjected to a net internal pressure, and the walls of this 
inner chamber do not stretch elastically. Therefore, in this 
special case: 


CPS = 1.0000 


10.3. COMBINED CORRECTION FACTORS (CCF, 
CCFp, CCFm, CCFmm, CCFmp) 


When multiplying a large number, for example, an indi- 
cated volume (/V), by a small correction factor, such as, CTS, 
CPS, CTL, or CPL, over and over again, a lowering of the 
precision may occur. In addition, errors can occur in mathe- 
matical calculations due to sequence order and the rounding 
differences between computers and/or programs. To mini- 
mize these errors, a method was selected by the industry 
which combines ail the required correction factors in a speci- 
fied sequence and at maximum discrimination levels. The 
accepted method of combining two or more correction factors 
is to obtain a combined correction factor (CCF) by serial 
multiplication of the individual correction factors and then 
rounding the CCF to the required number of decimal places. 

Five combined correction factors have been adopted and 
are used in meter proving calculations to minimize errors: 


a. For calculation of the GSVp of a meter prover: 
CCFp = [CTSp x CPSp x CTLp x CPLp]. 
b. For calculation of the GSVmp of a master prover: 
CCFmp = [(CTSmp x CPSmp x CTLmp x CPLmp|. 
c. Por calculation of the [SVm for a meter being proved: 
CCFm = [CTLm x CPL]. 
d. For calculation of a master meter volume (GSVrun) when 
proving a field meter. 
CCFmm = (CTLmm x CPLmm x MMF). 
e. For calculation of a master meter volume (/SVimm) using a 
master prover: 
CCFmm = [CTLmm x CPLmm. 


10.4 METER FACTOR (MF) AND COMPOSITE 
METER FACTOR (CMF) 
10.4.1 General 


Meter factor (MF) and composite meter factor (CMF) are 
nondimensional values which correct errors of the meter due 
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to such factors as temperature, pressure, viscosity, gravity, 
together with the mechanical condition of the meter (slippage). 


10.4.2 Meter Factor 


The meter factor (M/F) is determined at the time of proving 
by the following expression: 


10.4.3 Composite Meter Factor 


A composite meter factor (CMF) may be used in the fol- 
lowing applications: 


a. Where the density, temperature, and pressure are consid- 
ered constant throughout the measurement ticket period. 

b. Where anticipated changes in these parameters result in 
uncertainties unacceptable to the parties. 

c. When agreed to by all the interested parties as a 
convenience. 


The composite meter factor is determined at the time of 
proving by the following expression: 


CMF = MF x CPL 


When calculating the CMF, use a CPL value that is based 
on normal metering pressure that occurs when the hydrocar- 
bon liquid flow és net passing through the prover. 


10.5 METER ACCURACY FACTOR (MA) 


The meter accuracy factor (MA) is a term utilized specifi- 
cally for loading rack meters. In most truck rack applications, 
the meter is mechanically or electronically adjusted at the 
time of proving to ensure that the meter factor is approxi- 
mately unity. This simplifies the bill of lading and accounting 
issues associated with truck applications im refined product 
service. 

The meter accuracy factor (MA) is determined at the time 
of proving from the reciprocal of the meter factor (MF) as fol- 
lows: 


1 


10.6 NOMINAL K-FACTOR (NKF) 


A nominal K-factor (NKF) is utilized to determine the 
meter factor (MF), master meter factor (MMF), composite 
meter factor (CMF), and meter accuracy (MA). The original 
nominal K-factor (NKF) is a fixed value for a specific meter, 
determined by the manufacturer of the device and supplied 
with the new meter. This original nominal K-factor is estab- 
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lished at the time of installation of the flow meter and, if 
unchanged, can be used to calculate the meter factor. Using a 
constant unchanging nominal K-factor provides an audit trail 
through the meter proving system, establishes meter factor 
control charts, and allows meter factor control of the system. 

However, an alternative method is to change the nominal 
K-factor every time the meter is proved to an actual K-factor. 
Changing the Nominal K-factor at each proving allows the 
resulting meter factor to approach unity. In this type of opera- 
tion, it is necessary to track K-factors as an audit trail require- 
ment and to generate K-factor control charts to maintain a 
history on the meter. 


10.7 K-FACTOR (KF) AND COMPOSITE 
K-FACTOR (CKF) 
10.7.1 General 


For some applications, K-factors (KF), and composite K- 
factors (CKF) are used to eliminate the need for applying 
meter factors to the indicated volume (/V). As discussed 
above, by changing the KF or CKF at the time of proving, the 
meter is electronically adjusted at the time of proving to 
ensure that the meter factor is approximately unity. 


10.7.2 K-factor (KF) 
The actual meter K-factor (KF) as differentiated from the 
nominal K-factor, is described by the following formula: 


pan NO 
GSVp 


When the number of pulses (4) or interpolated pulses (Ni) 
per proving run are reduced to base or standard conditions by 
the use of CTLm and CPLm, the resulting pulses at base con- 
ditions (Nb) are given by one of these expressions: 


Nb=Nx CTLm x CPLm, 
or 


Nb = Nix CTLm x CPLm 


However, we know that: 
CCFm = CTLm x CPLm 
Therefore, 


Nb=NxCCFm or Nb=Nix CCFm. 
We also know that the GSVp of the prover—that is, the 
“true” volume of liquid passing through the prover during a 


proving run, is calculated from the following equation: 


GSVp = BPVx CCFp, 
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and also that 
CCFp = CTSp x CPSp x CTLp x CPLp. 


Therefore, application of the above formula enables an 
actual K-factor to be calculated. 

Alternatively, a new K-factor can also be determined at the 
time of proving by use of the following formula: 


actual KF = aE ; 
MF 


where 


actual.KF = the actual K-factor to be calculated from the 
present meter proving, 


KF = the K-factor used in the meter proving to cal- 
culate the meter factor, 


MF = the new meter factor calculated from the 
meter proving. 


10.7.3 Composite K-Factor (CKF) 


The composite K-factor (CKF) may be used in applica- 
tions where the gravity, temperature and pressure are approx- 
imately constant throughout the measurement ticket period. A 
new composite K-factor can be determined at the time of 
proving by the following expression: 


actual. KF 


.CKF = 
new. CPL 


The CPL shall be calculated using the average pressure 
during the delivery (see explanatory notes at the bottom of 
Table 8). 


10.8 ONE PULSE VOLUME (q) 


When repeated calculations are being processed manually, 
the reciprocal of the K-factor may sometimes be a more use- 
ful quantity for field use than the K-factor itself. This recipro- 
cal is called the one pulse volume (q) because it indicates the 
volume delivered by the meter (on average) while one pulse is 
being emitted. It is defined by the following equation: 


1” KF 


Thus, g has the dimensions of volume; when it is multi- 
plied by the number of pulses emitted by the meter, the result 
is the volume delivered through the meter. 
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11 Recording of Field Data 


All required field data shall be recorded and rounded in 
accordance with the discrimination levels specified in this 
section. In addition, see 7.2 which also discusses discrimina- 
tion levels. 

Discrimination levels of field data less than those specified 
may be permitted in the meter factor calculation procedures if 
their use is mutually agreeable to all the parties having an 
interest in the custody transaction. 

Discrimination levels of field data greater than those spec- 
ified are not in agreement with the intent of this standard and 
shall not be used in the meter factor calculation procedures. 
Field devices (e.g., smart temperature and pressure sensors), 
which are capable of measuring to discrimination levels 
beyond those specified in the following tables, must have 
their values rounded prior to their use in any calculations. 

Rather than stating a minimum level of instrument discrim- 
ination for all metering applications, the user is restricted to a 
maximum level for recording field data. 


11.1 SPECIFIED DISCRIMINATION LEVELS FOR 
FIELD DATA 


Specified discrimination levels for field data are listed in 
the tables indicated below: 


11.1.1. Liquid Data 


RHO, DEN, API, RD Table 1 
RHOb, DENb, APIb, RDb Table | 
RHOobs, DENobs, APIobs, RDobs Table 1 
Tobs, Tb Table 3 
11.1.2 Prover Data 
OD, 1D, WT Table 2 
Tp, Tmp, Td Table 3 
Pp, Pmp, Pb Table 4 
Pep, Pemp Table 4 
Fp, Fmp Table 5 
Gc, Gmp, Ga, Gl Table 6 
E Table 7 
SRu, SRI Table 9 
BPV, BPVa Table 9 
BPVmp, BPVamp Table 9 
11.1.3 Meter Data 
Tm, Tmm Table 3 
Pm, Pmm Table 4 
Pem, Pemm Table 4 
Fm, Fmm Table 5 
NKF, KF, CKF Table 8 
N, Ni, Mavg}, Ne Table 10 
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11.2 DISCRIMINATION TABLES Tables 8 and 9 have letters, such as ABCD.xx, to the left of 
the decimal point, in this case the letters do give the actual 
size of the value before the decimal and are intended to be 
specific, not illustrative. 


In the tables that follow, the number of digits shown as (X) 
in front of the decimal point are for illustrative purposes only, 


and may have a value more or less than the number of (X) 
illustrated. In cases where a value is shown with the number 5 in the 


The number of digits shown as (X) after the decimal point last decimal place, such as XX.x5, this is intended to signify 
are very specific, as they define the required discrimination that the last decimal place in the value must be rounded to 
level for each value described. either 0 or 5, no other value is permitted. 


Table 1—Liquid Density Discrimination Levels 


DEN 
API (kg/M3) RD 
Observed Density (RHOebs) XXX.X XXXX.5 X.XXx5 
Base Density (RHOb) XXX.X XXXX.X X.XXXX 
Flowing Density (RHOrp) XXX.X XXXX.X XXXXX 


Table 2—Dimensional Discrimination Levels 


US Customary SI Units 
(inches) (mm) 
Outside Diameter of Prover Pipe (OD) XX.XXX XXXXK 
Wall Thickness of Prover Pipe (WT) X.XXX XX.XX 
Inside Diameter of Prover Pipe ({D) XX.XXX XXXK.xXX 


Table 3—Temperature Discrimination Levels 


US Customary SI Units 
(°F) (°C) 

Base Temperature (7b) 60.0 15.00 
Observed Temperature (Tobs) XX.x XX.x5 
Prover Temperatures [Tp, Tp(avg), Tmp, Tmp(avg)] XX.x XX.x5 
Meter Temperatures [Tm, Tm(avg), Tmm, Tnun(avg )] XX.x XX.x5 
Detector Mounting Shaft Temperatures [Td, Td(avg)] XXX XX.x5 
Weighted Average Temperature (TWA) XXX XX.xX5 
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Table 4—Pressure Discrimination Leveis 


US Customary SI Units 
Base Pressure (Pb, Pba, Pbg) 14.696 0.0 4.01325 101.325 
Prover Pressures [Pp, Pp(avg), Pmp, Pmp(avg)] XX.X XX.0 XX.K XX.0 
Meter Pressures [Pm, Pm(avg), Pmm, Prum(avg)] XXX XX.0 XX.X XX.0 
Weighted Average Pressure (PWA) XX.X XX.0 XX.X XX.0 
Equilibrium Vapor Pressures [Pe, Peb, Pep, XXX XX.0 XX.X XX.0 


Pep(avg), Pem, Pem(avg), Pemm, Pemm(avg), 
Pemp, Pemp(avg)} 


Table 5—Compressibility Factor Discrimination Levels (& Fp, Fm, Fmp, Fmm) 


US Customary Units SI Units 
(psi) (bar) (kPa) 
0.00000xxx 0.0000xxx 0.000000xxx 
0.0000xxxx 0.000xxxx 0.00000xxxx 
0.000xxxxx 0.00xxxxx 0.0000xxxxx 


Table 6—Discrimination Levels of Coefficients of Thermal Expansion 


Thermal Expansion Coefficients 


Type of Steel (per °F) (per °C) 


Cubical Coefficient (Ge, Gmp) 


Mild Carbon 0.0000186 0.0000335 
304 Stainless 0.0000288 0.0000518 
316 Stainless 0.0000265 0.0000477 
17-4PH Stainless 0.0000180 0.0000324 
Area Coefficient (Ga) 
Mild Carbon 0.0000124 0.0000223 
304 Stainless 0.0000192 0.0000346 
316 Stainless 0.0000177 0.0000318 
17-4PH Stainless 0.0000120 0.0000216 
Lincar Coefficient (G/) 
Mild Carbon 0.00000620 0.0000112 
304 Stainless 0.00000960 0.0000173 
316 Stainless 0.00000883 0.0000159 
17-4PH Stainless 0.00000600 0.0000108 
Invar Rod 0.00000080 0.0000014 
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Table 7—Modulus of Elasticity Discrimination Levels (E) 


US Customary Units ST Units 
(psi) (bar) (kPa) 
Mild Steel 30,000,000 2,068,000 206,800,000 
304 Stainless Steel 28,000,000 1,931,000 193,100,000 
316 Stainless Steel 28,000,000 1,931,000 193,100,000 


Table 8—Correction Factor Discrimination Levels 


CTSp X.XXXXX 

CTSmp X.XXXXX 

CPSp X.XXXXX 

CPSmp X.XXXXX 

CTLp X.XXXXX 

CTLmp X.XXXXX 

CPLp X.XXXXX 

CPLmp X.XXXXX 

CCFp X.XXXXX 

CCFmp X.XXXXX 

CTLin X.XXXXX 

CTLmm X.XXXXX 

CPLm X.XXXXX 

CPLinm X.XXXXK 

CCFm X.XXXXK 

CCFmm X.XXXXX 

IKF AB.xxxx or ABC.xxx or ABCD.xx or ABCDE.x 
NKF Value recorded as determined by manufacturer. 
KF AB.xxx or ABC.xx or ABCD.x or ABCDE.O 
CKF AB.xxx or ABC.xx or ABCD.x or ABCDE.O 
IMF X.XXXXX 

MF X.XXXK 

IMMF X.XXXXX 

MMF X.XXXX 

CPL X.xxxxl2 

CTL X.xxxx! 

CMF X.XXXX 

MA X.XXXX 


Notes on specific uses of CPL and CTL: 

. CPL and CTL are calculated using PWA, TWA, and the average density [RHO(avg)], as determined for the 
whole metered delivery of the liquid, when used to calculate the CCF for a measurement ticket. CCF is derived 
from CTL x CPL x MF, which can also be defined as the meter factor at base conditions. 
2CPL is required to calculate a CMF or CKF, and is calculated using an assumed average pressure, average 
temperature, and average density, for the whole delivery at the time of proving. 
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Table 9-—-Volume Discrimination Levels 


US Customary Units SI Units 
(Bb) (gal) (M?) (L) 
Meter Readings (MMRo, MRo, MMRc, MRc) XX 00 XX.x XX.XXX XX.KX 
Scale Readings (SRu, SR/) X.XXXX X.XX — X.xx 
Volume Discrimination Levels (BPV, BP Va, ABC.xxxx ABCDE.x AB.XXXXX ABCDE.x 
BPVmp, BPVamp, [¥m, [¥Vmm, [SVm, [SVmm, 
GSVp, GSVinp, GSVm, GSVmm) 
AB.XXXX ABCD.xx ALOOCKX ABCD.xx 
A.XXXXX ABC.xxx O.XXXXXX ABC.xxx 
O.XXXXXX AB.xxxx 0.030000«x AB.xxxx 


Table 10-—--Pulse Discrimination Levels 


N Ni Nb, N(avg) 
Whole Pulse Applications XX.0 = XX.x 
Pulse Interpolation Applications ~ XX.XXX XX.XXXX 
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12 Calculation Sequence, Discrimination 
Levels, and Rules For Rounding 


The following section describes the steps required to 
obtain a calculated value for a meter factor, based on stan- 
dardized input data and exact calculation procedures. This 
will ensure that all interested parties will arrive at the same 
answer. Note that after the first five steps, which are com- 
mon to both the average meter factor method and the aver- 
age data method in determining the meter factor value, the 
two methods diverge. They are described separately follow- 
ing Step 5, 12.1. 


12.1 DISPLACEMENT PROVERS 


This section rigorously specifies the rounding, calculation 
sequence, and discrimination levels required for meter prov- 
ing report calculations using pipe provers and small volume 
provers. 

The procedures outlined below do not include the require- 
ments for the calculations associated with RHOb, CTL, and F. 
The rounding, calculation sequence, and discrimination levels 
for these terms are, for the most part, contained in the refer- 
ences listed in Appendix A. When a reference does not con- 
tain an implementation procedure, Appendix A contains a 
suggested method of implementation. 


a. Step |—Enter Initial Prover Data. 

Enter all the following prover information, taken from the 
prover calibration certificate into the meter proving report 
form: 

* Manufacturer and serial number. 

* Type of prover. 

* Base prover volume (BPV). 

e Inside diameter (JD). 

¢ Wall thickness (W7). 

¢ Coefficient of cubical expansion (Gc). 

*« Modulus of elasticity (£). 

¢ Coefficients of linear and area expansion (Gi, Ga) (If 

using a small volume prover with externally mounted 
detectors). 


b. Step 2—Enter Initial Meter Data. 
Enter the following information on the meter being proved 
and record on the meter proving report form: 
* Nominal K-factor (NKF) or actual K-factor (KF). 
¢ Whether the meter is temperature compensated. 
« What the proving report should calculate (MF CMF, 
KF, CKF, or MA). 
* Calculation method used (average data method or aver- 
age meter factor method). 
« Company assigned meter number. 
¢ Meter manufacturer, size, and type. 
* Meter model number and serial number. 
* Flow rate. 
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« Proving report number and date of proving. 
* Nonresetable totalizer reading. 


c. Step 3—Enter Fluid Data. 

1. Enter the following information on the hydrocarbon 

liquid being metered: 

« Type of liquid on which meter is being proved. 

¢ Batch number of the receipt or delivery. 

¢ Observed liquid density (APlobs, DENobs, RDobs, 
RHOobs). 

¢ Observed liquid temperature for density (Jobs). 

¢ The selected implementation procedure required 
(Tables SA/6A, 5B/6B, etc.). 

¢ Viscosity (if needed). 


2. If using an atmospherically unstable liquid—that is, 

the equilibrium vapor pressure is higher than the atmo- 

spheric pressure—enter the following additional 

information: 

¢ The liquid proving temperature in °F or °C. 

* The equilibrium vapor pressure of the fluid at the prov- 
ing temperature, in appropriate pressure units. 


3. If the proving report requires the calculation of CMF 
or CKF terms, then enter the following additional 
information. 

* The normal operating pressure of the liquid in gauge 
pressure units, which is assumed to be constant 
throughout the delivery. 

* The liquid temperature of the meter while proving, 
which is assumed to be the normal operating tempera- 
ture and also assumed to be constant throughout the 
delivery. 


d. Step 4—Record Run Data. 
For every proving run, record the following data: 


Discrimination 
Levels 

Prover Data 

Tp Table 3 

Pp Table 4 
Meter Data 

Tm Table 3 

Pm Table 4 

Nor Ni Table 10 


e. Step 5—Determine Base Density. 

Using the observed density (RHOobs, DENobs, APlIobs, or 
RDobs) and observed temperature (Jobs), calculate the base 
density (RHOb, DENb, APIb, RDb). This liquid density shall be 
determined by the appropriate technical standards, or, alterna- 
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tively, by use of the proper density correlations, or, if necessary, 
by the use of the correct equations of state. Round the density 
value in accordance with specifications given in Table 1. 

For some liquids (pure hydrocarbons, chemicals, sol- 
vents, etc.), the base density is a constant value as a result of 
stringent manufacturing specifications. This density value 
must be stated in accordance with the requirements speci- 
fied in Table 1. 

At some metering facilities, online density meters (densito- 
meters) are installed to continuously monitor and determine 
density in real time. In these cases, users should refer to 
Appendix A for information and references on special calcu- 
lation requirements. 


12.1.1. Determination of the Meter Factor Using the 
Average Meter Factor Method 


a. Step 6A—Calculate GSVp. 

The gross standard volume (GSVp) of the prover—that is, 
the “true” volume of liquid passing through the prover dur- 
ing the proving run—is calculated by the following equa- 
tion: 


GSVp = BPV x CCFp 


The base prover volume (BPV) is obtained from the initial 
prover data in Step 1, 12.1.a. 

To calculate the Combined Correction Factor (CCFp) 
requires that all four individual correction factor values, 
CTSp x CPSp x CTLp x CPLp, are calculated. They are then 
sequentially multiplied together, in the order specified, for 
each selected proving run, to obtain the combined correction 
factor (CCFp). Round result as shown in Table 8. 


1. Determine CTSp: 

The C7Sp value corrects for the thermal expansion of 
the steel in the prover calibrated section, using the prover 
liquid temperature (Tp), and is calculated for each selected 
proving run. 

For displacement provers with detectors mounted in the 
calibrated section, the following formula shall be used: 


CTSp = | + ((Tp — Th) x Ge} 
For displacement provers, usually small volume prov- 
ers, that utilize detectors mounted on an external shaft, the 
modified formula shall be used: 


CTSp = {1 + {(Tp ~— Th) x Gal} x {1 + [(Td - Tb) x Gi]} 


The CTSp value shall be rounded in accordance with 
Table 8 discrimination level requirements. 
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2. To Determine CPSp: 

The CPSp value corrects for the expansion of the steel in 
the prover calibrated section, using the prover liquid pres- 
sure (Pp), and is calculated for each selected proving run. 


The CPSp for a single wall pipe prover shall be calcu- 
lated using the following formula: 


(Pp-Pbg)xID 


CPSp=1+ , 
P Ex WT 
where 
ID = OD-(2xWT), 
Pbg = Opsig. 


For a double wall displacement prover, the value of 
CPSp = 1.00000. 


The CPSp value shall be rounded in accordance with 
Table 8 discrimination level requirements. 


3. Determine CTLp: 

The CTLp value corrects for thermal expansion of the 
liquid in the prover calibrated section and is calculated for 
each selected proving run. 

Using the base density (RHOb, APIb, RDb, and DENb) 
and the temperature of the liquid (Tp), together with the 
appropriate standards or computer routines, a value for 
CTLp can be obtained. Round the value according to the 
discrimination level requirements specified in Table 8. 


4, Determine CPLp: 

The CPLp value corrects for the compressibility of the 
liquid in the prover calibrated section for each of the 
selected proving runs. 

Using a density value (RHOb, APIb, RDb, DENDb), the 
prover pressure (Pp), and the prover temperature (Tp), cal- 
culate the value of Fp using the appropriate technical 
standards. Round this value according to the discrimina- 
tion level requirements specified in Table 5. 

Using the compressibility factor (Fp) together with the 
pressure in the prover calibrated section (Pp), the equilib- 
rium vapor pressure of the liquid in the prover (Pep), and 
the base pressure (Pha), calculate the CPLp value using 
the following expression: 


I 
CPLp = ——-—_>———— 
P 1—-[(Pp + Pbha— Pep) x Fp] 
Round this value according to the requirements speci- 
fied in Table 8. 


Note: [f the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, then Pep is considered to be zero 
psig. 
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5. Determine CCFp: 

The Combined Correction Factor of prover (CCFp) is 
calculated by serial multiplication of the above correction 
factors in the order specified, using the equation shown 
below. This value shall be rounded according to the 
requirements specified in Table 8: 


CCFp = CTSp x CPSp x CTLp x CPLp 


Calculate GSVp by use of the formula defined at begin- 
ning of Step 6A. 

Make sure that the BPV, the nominal K-factor (VKF) or 
K-factor (KF), and the register head volume are all in the 
same units. 


b. Step 7A—Calculate 1SVm. 

The indicated standard volume (J5Vm) of meter is the vol- 
ume of the liquid passing through the meter for the selected 
runs with ne correction for meter inaccuracies, calculated by 
the following equation: 


[SVm = [Vm x CCFm 


1. Determine /Vm: 

Using a digital pulse train, calculate the indicated vol- 
ume (JVm) of liquid passing through the meter by dividing 
the pulses (NV) or the interpolated pulses (Ni), for each 
selected proving run, by the nominal K-factor (NKF), as 
shown below. Round and record the value of /Vm in 
accordance with the discrimination levels specified in 
Table 9. 


2. Determine CCFm: 

To calculate the combined correction factor (CCF), 
two correction factor values, CTLm and CPLm, are calcu- 
Jated and then sequentially multiplied in the order 
specified. 

The correction factors CTSm and CPSm are not used in 
meter proving applications. Since the effects of tempera- 
ture and pressure on steel within the much smaller meter 
cavity or volume is relatively insignificant, they can be 
ignored in most cases. The effects are reflected in the 
meter factor calculated at the time of proving. 


3. Determine C7Lm: 


The CTLm value corrects for the thermal expansion of 
the liquid in the meter. Using a base density (RHOb, APIb, 
RDb, DEND) and the temperature (7m) of the liquid in the 
meter, together with the relevant standards or computer 
routines, a value for C7Lm is obtained for each of the 
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selected proving runs. Round this value according to the 
discrimination level requirements specified in Table 8. 


4. Determine CPLm: 

The CPLm value corrects for the compressibility of the 
liquid in the meter. Using the density value (RHOb, APIb, 
RDb, DENb), the meter pressure (Pm), and the meter tem- 
perature (7m), for each of the selected proving runs, 
calculate the value of the compressibility factor (Fim) 
using the appropriate technical standards. Round this 
value according to the discrimination level requirements 
specified in Table 5. 

Using the compressibility factor (Fm) together with the 
pressure in the meter (Pm), the equilibrium vapor pressure 
of the liquid in the meter (Pem), and the base pressure 
(Pba), for each of the selected proving runs, calculate the 
CPLm value using the following expression. 


i 
it. —— 
CREM = T= Pili a Pha= Pen) x Fil 


Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, then Pern is considered to be zero 


psig. 

Having determined the two required correction factors, 
calculate the combined correction factor of the meter 
(CCFm) by serial multiplication of the correction factors 
using the equation shown below. Round this value accord- 
ing to the requirements specified in Table 8. 


CCFm = CTLm x CPLm 


The 4SVm is then calculated by the equation shown 
below: 


ISVm = 1Vm x CCFim 


c. Step 8A—Calculate IMF 
Intermediate meter factors (MF) are determined for each 
of the selected proving runs by the formula: 


_ GSVp 


IMF = 
SVm 


Record and round the values of the /M¥ according to the 
discrimination level requirements specified in Table 8. 


d. Step 9A—Calculate Repeatability. 

To judge the acceptability of the selected run data, the 
repeatability (range) using the average meter [actor method 
must be calculated by the following method. 

Intermediate meter factors are calculated for each selected 
pass or round trip of the prover. The range of these intermedi- 
ate meter factors for all the acceptable proving runs is now 
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calculated and used as the measure of acceptability for the 
meter proving. In this method, the complete calculation steps 
needed to determine an intermediate meter factor have to be 
performed for every selected pass or round trip, and then 
these intermediate meter factors must be compared to assess 
their acceptable repeatability. 

An example of this repeatability check is shown in the 
table at the bottom of this page. 


100 


Max —- Min 
R% = ——_——— 
: Min 


0.99343 — 0.99319 


0.99319 x 100 = 0.024% 


Range % = 


e. Step 10A—Calculate Final MF 

Meter Factor (MF) is a value used to adjust for any small 
inaccuracies associated with the performance of the meter as 
determined at the time of proving. Having established that the 
range (repeatability) of the intermediate meter factors (MF) 
meets the acceptability criteria, a final meter factor shall be 
calculated as follows: ; 


IMF 


n 


MF = 


where 


na = the number of /MF from the selected proving 
runs. 


Round the meter factor as specified in Table 8. 

Unless the meter is equipped with an adjustment that alters 
its registration to account for the meter factor, a meter factor 
must be applied to correct the indicated volume of the meter. 


considered constant throughout the measurement ticket period, 
or as agreed by all the parties concerned as a convenience. The 
composite meter factor is determined at the time of proving by 
correcting the meter factor from normal operating pressure to 
base pressure (CPL), using the following expression: 


CMF = MF x CPLm 


When calculating the CMF, use a CPLm value that is based 
on the normal meter operating pressure that occurs when the 
flow is not going through the prover. Record and round this 
value to the requirements specified in Table 8. 


12.1.2 Determination of the Meter Factor Using the 
Average Data Method 


a. Step 6B—Caiculate Repeatability. 

Having made the selected number of proving runs as 
described in Step 4, 12.1.d, record the results of the data for 
Tm, Tp, Pm, Pp, and N or Ni. 

Use of the average data method requires that the range of 
the pulses generated for each selected pass or round trip be 
calculated and used to measure acceptable repeatability. To 
determine the repeatability, examine the pulses generated for 
each of the selected proving runs, as follows: 


Prover Meter Prover Meter Total 
Run =‘ Temp. Temp. Pressure Pressure Pulses 
1 72.5 73 23 23 12,234 
2 72 73 23 23 12,232 
3 72 72.5 22 23 12,237 
4 72 72.5 23 22 12,237 
5 72.5 73 23 23 12,233 
Avg. 72.2 72.8 22.8 22.8 12,233.6 


_ Highest Pulse - Lowest Pulse 


R% Tawest Pal x 100 
f. Step 114—Calculate Composite Meter Factor (CMF). WSR TENE 
Composite meter factor (CMF) also is used to adjust meter 
performance. The composite meter factor must be used in Range % = 12,237 = 12,232 | Jag = 9.041% 
applications where the density, temperature, and pressure are 12,232 , 
Example of Repeatability Check (Average Meter Factor Method) 
Total Prover Meter Prover Meter 
Run Pulses Temperature Temperature Pressure Pressure GSVp ISVm IMF 
1 12,234 72.5 B 23 23 22.3356 22.4883 0.99321 
2 12,232 72 73 23 23 22.3348 22.4855 0.99330 
3 12,237 72 72.5 22 23 22.3363 22.4854 0.99337 
4 12,237 72 72.5 23 22 22.3360 22.4892 0.99343 
5 12,233 72.5 73 23 23 22.3340 22.4856 0.99319 
Average Meter Factor (MF) 0.9933 
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Once the range of pulses for the selected proving runs sat- 
isfies the repeatability requirement by not exceeding 0.050 
percent, the following data should be calculated: 


Discrimination 
Levels 

Prover Data 

Tplavg) Table 3 

Pp(avg) Table 4 

Pep(avg) Table 4 
Meter Data 

Tm{(avg) Table 3 

Pm(avg) Table 4 

Pem(avg) Table 4 

Navg) Table LO 


b. Step 7B—-Calculate GSVp. 

The gross standard volume (GSVp) of the prover—that is, 
the “true” volume of liquid passing through the prover during 
the proving run, is calculated by the following equation, and 
rounded to the discrimination requirements shown in Table 9. 


GSVp = BPV x CCFp 


The base prover volume (BPV) is obtained from the prover 
calibration certificate as shown in Step 1, 12.1.a. 

To calculate the combined correction factor (CCFp) 
requires calculating all four correction factor values—CTSp, 
CPSp, CTLp, and CPLp. These values are then sequentially 
multiplied in the order specified, rounding at the end of the 
multiplication. 


1. Determine CTSp: 

The CTSp value corrects for the thermal expansion of 
the steel in the prover calibrated section, using the average 
prover liquid temperature [Tp(avg)] from all of the 
selected proving runs. 

For displacement provers with detectors mounted inter- 
nally in the calibrated section, the following formula shall 
be used: 


CTSp = {1 + [({plavg) — Tb) x Gc]} 
For displacement provers using detectors that are 
mounted externally on a shaft (e.g. small volume provers), 
then this modified formula shall be used: 


CTSp = {1 + [(Tp(avg} — Tb) x Ga]} x {1 + [(Td(avg) — Tb) x GI} 


This CTSp value shall be rounded in accordance with 
the requirements in Table 8. 


2. Determine CPSp: 

The CPSp value corrects for the expansion of the steel 
in the prover calibrated section, using the average liquid 
pressure of the prover [Pp(avg)] from all of the selected 
proving runs. 

The CPSp for a single wall pipe prover shall be calcu- 
lated using the following formula: 


[Pp(avg)-Pbhg|xID 


CPSp = 1 : 
ass EXWT 
where 
ID = OD-(2xWN, 
Phe = Opsig. 


For double wall displacement pipe provers, CPSp = 
1.00000. 

This CPSp value shall be rounded in accordance with 
the requirements in Table 8. 


3. Determine CTLp: 

The CTLp value corrects for the thermal expansion of 
the liquid in the prover calibrated section. By using an 
average base density (RHOb, APIb, RDb, and DENb) and 
the average temperature of the liquid [Tp(avg)] together 
with the relevant standards or computer routines, a value 
for CTLp can be obtained. Round this value according to 
the discrimination level requirements specified in Table 8. 


4. Determine CPLp: 

The CPLp corrects for the compressibility of the liquid 
in the prover calibrated section. Using an average density 
value (RHOb, APIb, RDb, DENb), the average prover 
pressure Pp(avg), and the average prover temperature 
[Tp(ave)], calculate the value of Fp using the appropriate 
technical standards, Round this value according to the 
requirements specified in Table 5. 

Using the compressibility factor (Fp) determined in the 
preceding step, together with the average pressure in the 
prover calibrated section [Pp(avg}], the equilibrium vapor 
pressure of the liquid in the prover [Pep(avg)], and the 
base pressure (Pba), calculate the CPLp value using the 
following expression: 


] 
CPLp = 
P= T—{[Pp(avg) + Pha — Pep(avg)| x Fp} 
Round this value according to the discrimination level 
requirements specified in Table 8. 


Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, then Pep(avg) is considered to 
be zero psig. 
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5. Determine CCFp: 

Having determined the four correction factors, the 
combined correction factor of prover (CCFp) can be cal- 
culated by serial multiplication of the correction factors in 
the exact order specified, using the equation shown below 
and rounding at the end of the multiplication. Round this 
value according to the discrimination level requirements 
specified in Table 8. 


CCFp = CTSp x CPSp x CTLp x CPLp 


When the preceding calculations are done, calculate 
GSVp by the following formula: 


GSVp = BPV x CCFp 


Ensure that BPV, nominal K-Factor (NKF), K-Factor 
(KF), and Register Head volume are all in the same units. 


c. Step 8B—Calculate 1SVm 

The indicated standard volume (/SVm) of meter is the vol- 
ume of the liquid passing through the meter for the selected 
proving runs with no correction for meter inaccuracies, and is 
calculated by the following equation: 


1SVm =IVm x CCFim 


1. Determine /Vin: 

Using a digital pulse train allows the indicated volume 
(/Vim) through the meter to be calculated by dividing the 
average of all the pulses [N(avg)] for all of the selected 
proving runs by the nominal K-factor (VKF), as shown 
below. Round and record the value of /Vm in accordance 
with the discrimination levels specified in Table 9. 


a N(avg) 
NKF 


iIVm 


Calculating the combined correction factor (CCFm) 
requires the calculating of two individual correction factor 
values, CTLm and CPLm, which are then sequentially 
multiplied in the order specified. 

The correction factors CTSm and CPSm are not used or 
calculated in metering applications, since the effects of 
temperature and pressure within the meter cavity are often 
insignificant and in most cases can be ignored. The effects 
are reflected in the meter factor calculated at the time of 
proving. 


2. Determine C7Lm: 

The C7TLm value corrects for the thermal expansion of 
the liquid in the meter. By using an average base density 
(RHOb, APIb, RDb, DENb), and the average temperature 
[Tm(avg)| of the liquid, together with the relevant stan- 
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dards or computer routines, a value for CTLm can be 
obtained. Round this value according to the discrimination 
level requirements specified in Table 8. 


3. Determine CPLm: 

The CPLm value corrects for the compressibility of the 
liquid in the meter. Using an average density value 
(RHOb, APIb, RDb, DENb), the average meter pressure 
[Pm(avg)], and average meter temperature [Ti(avg)], 
from all of the selected proving runs, calculate the value 
of the compressibility factor (Fn) using the appropriate 
technical standards. Round this value according to the 
requirements specified in Table 5. 

Using the value of Fm determined in the preceding 
step, together with the average pressure in the meter 
[Pm(avg)], the equilibrium vapor pressure of the liquid in 
the meter [Pern(avg)], and the base pressure (Pba), calcu- 
late the CPLm value using the following expression: 


I 


CPLm = 
i 1—{[Pm(avg) + Pha-— Pem(avg)] x Fm} 


Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, then Pem is considered to be zero 


psig. 
4, Determine CCFim: 

When the two correction factors CTLm and CPLm have 
been determined, the combined correction factor of prover 
(CCFm) shall be calculated by serial multiplication of the 
correction factors in the exact order specified, rounding at 
the end of the multiplication, using the equation shown 
below. Round this value according to the requirements 
specified in Table 8. 


CCFm = CTLm x CPLm 


The /SVm can then be calculated by the equation 
shown above. 


d. Step 9B—Calculate Final MF 

Meter factor (MF) is a dimensionless value used to adjust 
for any small inaccuracies associated with the performance ot 
the meter as determined at the time of proving. Unless the 
meter is equipped with an adjustment that alters its registra- 
tion to account for the meter factor, a meter factor must be 
applied to the indicated volume of the meter. The meter factor 
is determined at the time of proving by the formula: 


._ GSVp 


MF = 
1SVm 


Record and round this value to the requirements specified 
in Table 8. 
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e. Step 10B—Calculate Composite Meter Factor (CMF). 

The composite meter factor (CMF), as determined at the 
time of proving, is also a value used to adjust the meter per- 
formance. The composite meter factor is normally used in 
applications where the density, temperature, and pressure are 
considered constant throughout the measurement ticket 
period, or as agreed by all the parties concerned as a measure- 
ment convenience. The composite meter factor (CMF) is 
determined at the time of proving by correcting the meter fac- 
tor from normal operating pressure to base pressure (CPL), 
using the following expression: 


CMF = MF x CPLm 


When calculating the CMF, use a CPLm value that is based 
on the normal meter operating pressure that occurs when the 
liquid is not going through the prover. 

Record and round this value to the requirements specified 
in Table 8. 


12.2. ATMOSPHERIC TANK PROVERS 


This section rigorously specifies the rounding, calculation 
sequence, and discrimination levels required for meter proving 
report calculations when atmospheric tank provers are used. 

The procedures described. below do not include the require- 
ments for calculations associated with RHOb, CTL, or F. The 
rounding, calculation sequence, and discrimination levels for 
these terms are, for the most part, contained in the references 
listed in Appendix A. When a reference does not contain an 
implementation procedure, Appendix A contains a suggested 
method of solution. 

In normai industry practice, the average meter factor 
method is used to calculate meter factors when proving 
meters with tank provers. Normal accepted proving technique 
requires the flow to be put through the meter being proved 
into the empty tank prover until it is filled. This constitutes a 
proving run. 


a. Step 1—Enter Initial Prover Data. 

Enter the following tank prover information, which is 
taken from the prover calibration certificate, and record it on 
the meter proving report form: 

* Coefficient of cubical expansion (Ge). 

¢ Manufacturer and serial number. 

* Nominal capacity. 


b. Step 2—Enter Initial Meter Data. 

Enter the following information about the meter being 
proved on the meter proving report form: 

« Nominal K-factor (WKF) or actual K-lactor (KF). 

¢ Whether the meter is temperature compensated. 

* What the proving report should calculate (MF, CMF, 

KF, CKF, or MA). 
¢ Company assigned meter number. 
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* Manufacturer, meter type, and size. 

* Meter model number and serial number. 

¢ Flow rate. 

* Proving report number and date of proving. 
* Nonresetable totalizer reading. 


c. Step 3—Enter Fluid Data. 


1. Enter the following information about the fluid being 
metered on the meter proving report form: 

¢ Type of fluid on which meter is being proved. 

¢ Batch number of the receipt or delivery. 

* Observed liquid density (AP/obs, DENobs, RDobs, 
RHOobs). 

¢ Observed liquid temperature for density determination 
(Tobs). 

¢ The selected implementation procedure required 
(Tables 5A/6A, 5B/6B, 53A/54A, 53B/54B, etc.). 

* Viscosity (if needed). 


2. If the report form requires the calculation of CMF or 
CKF, the following additional information must be 
entered: 

¢ The normal operating pressure of the liquid in gauge 
pressure units, which is assumed to be constant 
throughout the delivery. The temperature of the liquid 
in the meter while proving, is assumed to be the nor- 
mal operating temperature, and assumed to be con- 
stant throughout the delivery. 


d. Step 4—Record Run Data. 
For each run of the tank prover, record the following data: 


Discrimination 
Levels 

Prover Data 

Tp(avg) Table 3 

SRu Table 9 

SRI Table 9 
Meter Data 

Tm Table 3 

Pm | Table 4 

MRo Table 9 

MRc ‘Lable 9 

N Table 10 


e. Step 5—Calculate Base Density. 

Using the observed density (RHOabs, DENebs, APlobs, or 
RDobs) and observed temperature (Jobs), calculate the base 
density (RHOb, DENb, APIb, RD). The base density of the 
liquid shall be determined by the appropriate technical stan- 
dards, or, alternatively, by use of the proper density correla- 
tions, or, if necessary, by the use of the correct equations of 
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state. Round the density value in accordance with specifica- 
tions given in Table 1. 

For some liquids (pure hydrocarbons, chemicals, solvents, 
etc.), the base density is a constant value as a result of stringent 
manufacturing specifications. This density value must be stated 
in accordance with the requirements specified in Table lL. 

At some metering facilities, online density meters (densito- 
meters) are installed to continuously monitor and determine 
density in real time. The user should refer to Appendix A for 
information on the special calculation requirements when 
using this equipment. 


f. Step 6—Calculate GSVp. 

The gross standard volume (GSVp) of the tank prover is the 
“true” volume of the liquid contained in the prover between 
the nominal “empty” and “full” levels. The GSVp is calcu- 
lated from the following equation: 


GSVp = BPVa x CCFp, 


where 


BPVa = SRu—SRI. 


The adjusted base prover volume (BPVa) for the tank 
prover is determined by the difference between the upper and 
lower scale readings during each proving run. To determine 
the lower (SRI) scale reading of the open tank prover, the tank 
prover should first be filled with liquid, then drained to empty 
for the prescribed draining time, refilled up to the lower scale 
and the lower scale reading taken prior to commencing the 
proving run. If the tank prover has no lower scale, the zero 
mark is established depending on the type of tank prover. The 
proving run is then initiated. When the tank prover is filled to 
the upper scale the flow is shut off, and the upper (SRw) scale 
reading is taken. The scale readings should be recorded as 
indicated in the discrimination levels in Table 9. 

To calculate the combined correction factor for the open 
tank prover (CCFp) (as discussed in the previous section on 
pipe and small volume provers), it is necessary to determine 
the CTSp, CPSp, CTLp, and CPLp values. 


1. Determine C7Sp: 


The CTSp corrects for thermal expansion of the steel in 
the tank prover, using the temperature of the liquid in the 
prover from the selected runs. The C7Sp for an open tank 
prover may be calculated from the formula: 


CTSp = | + (Tp - Tb) x Ge] 


This value shall be rounded in accordance with the dis- 
crimination requirements of Table 8. 


2. Determine CPSp: 
The CPSp corrects for expansion of the steel in the tank 
prover due to pressure on the liquid. 
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Since an open tank prover is under atmospheric condi- 
tions, the CPSp value is sei to equal unity. 


CPSp = 1.00000 


3. Determine CTLp: 

The CTLp corrects for thermal expansion of the liquid 
in the tank prover. By using a base density (RHOD, APIb, 
RDb, or DENb), and the temperature (Zp) of the liquid, 
together with the appropriate standards or computer rou- 
tines, a value for CTLp can be determined. Round this 
valuc according to the requirements specified in Table 8. 


4, Determine CPLp: 

The CPLp corrects for the effect of compressibility on 
the density of the liquid in the open tank prover. Since the 
open tank prover is under atmospheric conditions, the 
CPLp value is set equal to unity. 


CPLp = 1.00000 


5. Determine CCFp: 

When the four correction factors have been deter- 
mined, the combined correction factor for the tank prover 
(CCFp) can be calculated, by serial multiplication of the 
correction factors in the exact order specified, using the 
equations shown below. Round this value according to the 
requirements specified in Table 8. 


CCFp = CTSp x CPSp x CTLp x CPLp 
CCFp = CTSp x 1.00000 x CTLp x 1.00000 
CCFp = CTSp x CTLp 


When these calculations are completed, calculate 
GSVp using formula at the beginning of Step 6, 12.2.f. 


g. Step 7—Calculate /SVm. 

The indicated standard volume (SVm) of the meter is the 
volume of the liquid passing through the meter for selected 
runs without correction for meter inaccuracies. It is calculated 
by the following equation: 


1SVm =1Vm x CCFm 


1. Determine /Vm: 

The indicated volume (/Vm) passing through the meter 
is determined in one of two ways: 

If a digital pulse train is used, the /Vi is calculated by 
dividing the pulses (N) from each run by the nominal K- 
factor (NKF), as shown below. Round and record the 
value of /Vm in accordance with Table 9. 


Vm = —— 
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If a meter register head is used, the 7Vm is calculated 
using the opening and closing meter readings (WRo, MRc) 
for each run, as shown below. Round and record the value 
of /Vm in accordance with Table 9. 


IVm = MRc —- MRo 


To calculate the combined correction factor (CCFm) 
for the meter, the correction factor values CTLm and 
CPLm are calculated and then sequentially multiplied 
together, in the order specified. The correction factors 
CTSm and CPSm are not calculated, since the effects of 
temperature and pressure on the steel within the meter is 
insignificant and can be ignored in most cases. The effects 
are reflected in the meter factor calculated at the time of 
proving. 


2. Determine CT Lim: 

The CTLm corrects for thermal expansion of the liquid 
in the meter. By using a base density (RHOb, APIb, RDb, 
or DENb), and the temperature (Ti) of the liquid in the 
meter, together with the appropriate standards or computer 
routines, a value for C7Lm can be obtained. Round this 
value according to the requirements specified in Table 8. 


3, Determine CPLm: 

The CPLm corrects for the compressibility of the liquid 
in the meter. Using a density value (RHOb, APIb, RDb, or 
DENb), the meter pressure (Pm), and the meter tempera- 
ture (7m), calculate the value of the compressibility factor 
(Fm), using the appropriate technical standards. Record 
and round this value according to the requirements speci- 
fied in Table 5. 

Using the Fm determined in the preceding step, 
together with the pressure in the meter (Pm), the equilib- 
cium vapor pressure of the liquid in the meter (Pem), and 
the base pressure (Pha), calculate the CPLm value using 
the following expression: 


I 
ne —— 
ChE Ts pag Phas Pens Fill 


Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, Perm is considered to be zero 


psig. 
4. To Determine CCFim: 

When the two correction factors have been determined, 
the CCFm can be calculated by serial multiplication of the 
correction factors in the exact order specified, using the 
equation shown below. Round this value according to the 
requirements specified in Table 8. 


CCFm = CTLm x CPL 
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The /SVm is then calculated by the equation: 


[SVm =1Vmx CCFm 


h. Step 8—Calculate IMF. 

Intermediate Meter Factors (MF) are determined at the 
time of proving for each of the selected proving runs by the 
formula: 


GSVp 
IMF = —— 
iSVm 
Record and round the values of the ZMF according to the 
discrimination level requirements specified in Table 8. 


i. Step 9—Calculate Repeatability. 

To judge the acceptability of each of the selected run data, 
the repeatability for the average meter factor method is calcu- 
lated as follows: 

Intermediate meter factors (MF) have been calculated for 
each filling of the tank prover. The range of these intermediate 
meter factors for all the acceptable proving runs is now calcu- 
lated and used as the measure of acceptability for the meter 
proving. In this method, the complete calculation steps to 
determine an intermediate meter factor have to be performed 
for every prover filling, and then these intermediate meter fac- 
tors must be compared to assess acceptable repeatability. 

An example of this repeatability check is shown in the 
table at the top of the following page: 


maxIMF —minIMF 
R% = ————————— X 
: minIMF 109 


0.99343 — 0.99319 


= 0.024 
0.99319 x 100 = 0.024% 


Range % = 


j. Step 10—Calculate Final MF: 

Meter factor (MF) is a value used to adjust for any small 
inaccuracies associated with the performance of the meter. 
Having established that the range (repeatability) of the inter- 
mediate meter factors (MF) meets the acceptability criteria, a 
final meter factor shall be calculated as follows: 


SUIMF 


n 


MF = 


where 


n = the number of intermediate meter factors from 
the selected proving runs. 


Round the final meter factor as specified in Table 8. 

Unless the meter is equipped with an adjustment that alters 
its registration to account for the meter factor, a meter factor 
must be applied to correct the indicated volume of the meter. 
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Example of Repeatability Check (Average Meter Factor Method) 


Total Prover Meter Prover Meter 
Run Pulses Temperature Temperature Pressure Pressure GSVp {SVm IMF 
i 12,234 72.5 73 23 23 22.3356 22.4883 0.99321 
2 12,232 72 73 23 23 22.3348 22.4855 0.99330 
3 12,237 72 72.5 22 23 22.3363 22.4854 0.99337 
4 [2,237 72 72.5 23 22 22.3360 22.4892 0.99343 
5 12,233 72.5 73 23 23 22.3340 22.4856 0.99319 


k. Step | 1—Composite Meter Factor (CMF). 

Composite meter factor (CMF) also adjusts the meter per- 
formance as determined at the time of proving. The compos- 
ite meter factor must be used in applications where the 
density, temperature, and pressure are considered constant 
throughout the measurement ticket period, or as agreed by all 
the parties concerned as a convenience. The composite meter 
factor is determined by correcting the meter factor from nor- 
mal operating pressure to base pressure (CPL) by using the 
following expression: 


CMF = MF x CPL 


When calculating the CMF, use a CPL value that is based 
on the normal meter operating pressure when the flow is not 
going through the prover. Record and round this value to the 
requirements specified in Table 8. 


1. Step 12—Determine Meter Accuracy (MA). 

For many field applications, a mechanical or electronic cal- 
ibrator is often used to adjust the meter factor to unity to cor- 
rect meter readings associated with truck loading racks and 
LACT/ACT meter skids. To ascertain that the proving report 
and the required calibrator adjustments have been made with- 
out error, determine the meter accuracy for each proving run, 
using the following equation: 

1 


MA = — 
MF 


12.3. MASTER METER PROVING 


The following section rigorously specifies the rounding, 
calculation sequence, and discrimination levels required for 
meter proving report calculations, using a master meter. In the 
case of proving with master meters, two separate actions are 
necessary. First, the master meter must be proved using a 
master prover. Sccond, this master meter is then used to deter- 
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Average Meter Factor (MF) 0.9933 


mine the meter factor for the operational (field) meter by act- 
ing as the prover. 

Three different calculation procedures are possible, 
depending on whether the master prover is a displacement 
prover or a tank prover. These three procedures are described 
below, following Steps 1-5, 12.3.1.a—d, which are common 
to all the calculation methods. 


12.3.1 Proving a Master Meter with a Master Prover 


As indicated above, it is first neccessary to prove the master 
meter against a master prover. A master prover is defined as a 
prover (a displacement or tank prover is normally used) that 
has been calibrated by the water-draw method. 

The procedures outlined below do not include the require- 
ments for the calculations associated with RHODB, CTL, or F. 
The rounding, calculation sequence, and discrimination levels 
for these terms are, for the most part, contained in the refer- 
ences listed in Appendix A. When a reference does not con- 
tain an implementation procedure, Appendix A contains a 
suggested implementation method. 


a. Step [—Enter Initial Prover Data. 

Enter all the prover information taken from the prover cali- 
bration certificate. The required information is the same as 
that described in 12.1.a, Step L, for displacement provers, and 
12.2.a, Step 1, for tank provers. 


b. Step 2—Enter Initial Meter Data. 


Enter all the required information on the meter being proved 
and record on the meter proving report form. The required 
information is the same as that described in 12.1.b, Step 2. 


c. Step 3—Enter Fluid Data. 
Enter all the information on the hydrocarbon liquid being 


metered. This required information is the same as described 
in 12.1.c, Step 3. 


d. Step 4—Record Run Data. 
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For every proving run, record the following data: 


Discrimination 
Levels 
Master Prover Data 
Td (for small volume provers) Table 3 
Tmp (for displacement and tank provers) Table 3 
Pmp (for displacement provers) Table 4 
BPVmp (for displacement provers) Table 9 
BPVamp (for tank provers) Table 9 
SRu (for tank provers) ‘Table 9 
SRI (for tank provers) Table 9 
Master Meter Data 
Timm Table 3 
Pmm Table 4 
MMRc Table 9 
MMRo Table 9 
Ni Table 10 
N Table 10 


e. Step 5—Determine Base Density. 

Using the observed density (RHOobs, DENobs, APlobs or 
RDobs) and observed temperature (Jobs), calculate the base 
density (RHOb, DENb, APIb, RDb) by either the appropriate 
technical standards, the proper density correlations, or the rel- 
evant equations of state. Round the density value in accor- 
dance with specifications given in Table 1. 

At some metering facilities, an online density meter (densi- 
tometer) is installed to continuously monitor and determine 
density in real time. In these cases, users should refer to 
Appendix A for information on calculation requirements. 


12.3.1.1 To Determine a Master Meter Factor Using 
a Displacement Prover as the Master 
Prover and Using the Average Meter 
Factor Method of Calculation 


a. Step 6A—Calculate GSVmp. 

The gross standard volume (GSVmp) of the master 
prover—that is, the “true” volume of liquid passimg through 
the prover during the proving run—is calculated by the fol- 
lowing equation: 


GSVmp = BPVmp x CCF imp 


The base prover volume (BPVmp) is obtained from the 
prover calibration certificate. 

Calculating the combined correction factor (CCFmp) 
requires the calculation and serial multiplication, in the order 
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given, of the four correction factors, CTSmp, CPSmp, 
CTLmp, and CPLmp, for each selected proving run. 


1. Determine CTSmp: 

For displacement master provers with detectors 
mounted in the calibrated section, the following formula 
shall be used: 


CTSmp = 1+ [((Tmp — Tb) x Gmp] 


For displacement master provers (usually small volume 
provers) with detectors mounted on an external shaft, a 
modified formula shall be used: 


CTSmp = {1 + [(Pmp — Tb) x Ga}} x {1+ [(Td - Tb) x Gl} 


The CTSmp value shall be rounded in accordance with 
the discrimination level requirements specified in Table 8. 


2. Determine CPSrmp: 
The CPSmp for a single wall pipe master prover shall 
be calculated using the following formula: 


(Pmp — Pbg)x ID 


CPS = | , 
ne bs Ex Wt 
where 
ID = OD-(2xW), 
Phg = Opsig. 


The CPSmp value shall be rounded in accordance with 
the discrimination level requirements specified in Table 8. 
For a double wall displacement master prover, 


CPSmp = 1.00000. 


3. Determine CTLmp: 

The C7Lmp corrects for the thermal expansion of the 
liquid in the master prover. Using the base density (RHOD, 
APIb, RDb, and DENb) and the temperature of the liquid 
(Tmp) in the master prover, together with the appropriate 
standards or computer routines, a value for CTLmp can be 
obtained for each of the selected proving runs. Round the 
value according to the discrimination level requirements 


specified in Table 8. 


4, Determine CPLmp: 

Using a density value (RHOb, APIb, RDb, DEND), the 
master prover pressure (Pmp), and the master prover tem- 
perature (Tmp), calculate the compressibility value of 
Fmp using the appropriate technical standards for cach of 
the selected proving runs. Round this value according to 
the discrimination level requirements specified in Table 5. 

Using mp, together with the pressure in the master 
prover calibrated section (Pmp), the equilibrium vapor 
pressure of the liquid in the master prover (Pemp), and the 
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base pressure (Pha), calculate the CPLmp value using the 
following expression. 


1 
CPLmp = —_-—_ 
™P = T—[(Pmp + Pha—Pemp) x Fmp] 
Round this value according to the requirements speci- 
fied in Table 8. 


Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, then Pemp is considered to be 
zero psig. 


5. Determine CCFimp: 

The combined correction factor of the master prover 
(CCFmp) is calculated by serial multiplication of the cor- 
rection factors in the order specified, using the equation 
shown below. This value shall be rounded according to the 
requirements specified in Table 8: 


CCFmp = CTSmp x CPSmp x CTLmp x CPLmp 


AS stated above, GSVmp is now calculated for each of 
the selected master proving runs by the following equa- 
tion, and rounded according to the requirements contained 
in Table 9: 


GSVmp = BPVmp x CCFmp 


b. Step 7A—Calculate /SVinm. 

The indicated standard volume (/SVmm) of the master 
meter is the volume of the liquid passing through the meter 
for the selected runs with no correction for meter inaccura- 
cies, calculated by the following equation: 


ISVinm = 1Vaum x CCFmm 


1. Determine [Vmm: 

Using a digital pulse train, calculate the indicated vol- 
ume ({Vmm) of liquid passing through the master meter 
by dividing the pulses (NV) or the interpolated pulses (Ni) 
for each selected proving run by the nominal K-factor 
(NKF), as shown below. Round and record the value of 
7Vmm in accordance with the discrimination levels speci- 
fied in Table 9. 


iVmm = 77a or JVnum = aa 


To calculate the combined correction factor (CCFimm), wo 
correction factor values, CTLmm and CPLmm, are calculated 
and then sequentially multiplied in the order specified. See note 
under 12_1_.1.b, Step 7A, regarding other correction factors. 
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2. Determine CT7Lmm: 

By using a base density (RHOb, APIb, RDb, DENb) 
and the temperature (7mm) of the liquid in the master 
meter, together with the relevant standards or computer 
routines, a value for C7Lmm can be obtained for each of 
the selected proving runs. Round this value according to 
the discrimination level requirements specified in Table 8. 


3. Determine CPLmm: 

Using a density value (RHOb, APIb, RDb, DEND), the 
master meter pressure (Pim), and the master meter tem- 
perature (Jmm) for each of the selected proving runs, 
calculate the value of Fim using the appropriate technical 
standards. Round this value according to the discrimina- 
tion level requirements specified in Table 5. 

Using the compressibility factor (Frm), together with 
the pressure in the master meter (Pmm), the equilibrium 


- vapor pressure of the liquid in the master meter (Pemm), 


and the base pressure (Pba) for each of the selected prov- 
ing runs, calculate the CPLmum value using the following 
expression: 


1 
CPL Sa eee 
Mer Nh [(Pmm + Pba—Pemm) X Fmm] 


Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, then Pemm is considered to be 
zero psig. 

4, Determine CCFimm: 

Having determined the above two correction factors, 
calculate the combined correction factor of prover by 
serial multiplication of the correction factors, using the 
equation shown below. Round this value according to the 
requirements specified in Table 8. 


CCFmm = CTLmm x CPLmm 


The [SVmm is then calculated by the equation shown 
below: 


[SVmm = 1Vmm x CCFmm 


c. Step 8A—Calculate IMMF: 


Intermediate master meter factors (MMF) are determined 


for each of the selected proving runs by the formula: 


GSVmp 
TSVmm 


IMMF = 


Record and round the values of the MMF according to the 


discrimination level requirements specified in Table 8. 
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d. Step 9A—Calculate Repeatability. 

To judge the acceptability of each of IMMF from the 
selected run data, the repeatability for the average meter fac- 
tor method is calculated as follows; 

Intermediate master meter factors (MMF) are calculated 
for each selected pass or round trip of the prover. The range 
of these intermediate meter factors for all the acceptable 
proving runs is now calculated and used as the measure of 
acceptability for the master meter proving. In this method, 
the complete calculation steps needed to determine an inter- 
mediate master meter factor have to be performed for every 
selected pass or round trip, and then all these intermediate 
master meter factors must be compared to assess acceptable 
repeatability. 

For a master meter proving using a displacement master 
prover, the range (%R) of the selected intermediate meter fac- 
tors (MMF) shall not exceed 0.020%. This range ts calcu- 
lated using the following formula: 


maxIMMF —minIMMF 
= XX 1 
Re minIMMF m0 


e, Step 10A—Calculate Final MMF 

After it has been established that the range (repeatability) 
of the intermediate master meter factors MMF) meets the 
acceptability criteria, a final master meter factor shall be cal- 
culated as follows: 


where 
n= the number of JMMF from the selected proving runs. 


Record and round this value to the discrimination level 
requirements as specified in Table 8. 


12.3.1.2 To Determine a Master Meter Factor Using 
a Displacement Prover as the Master 
Prover and Using the Average Data 
Method of Calculation 


a. Step 6B—Calculate Repeatability. 

Having made the selected number of proving runs as 
described in Step 4, 12.3.1.d, record the results of the data for 
Tmm, Tmp, Pmm, Pmp, and N or Ni. 

Use of the average data method requires that the range of 
the pulses generated for each selected pass or round trip be 
calculated and used to measure acceptable repeatability. 
Acceptable repeatability (%R) for a master meter proving 
with a master prover shall not exceed a range of 0.020%. To 
determine the range, examine the pulses generated for each of 
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the selected proving runs, and use the following formula to 
calculate the repeatability: 


_ Highest Pulse — Lowest Pulse 


100 
Lowest Pulse : 


R% 


Once it is established that the selected proving runs satisfy 
the repeatability requirement by not exceeding 0.020 percent, 
the following data should be calculated: 


Discrimination 
Levels 
Prover Data 
(for SVP only) Td(avg) Table 3 
Tmp(avg) Table 3 
Pmp(avg) Table 4 
Pemp(avg) Table 4 
Meter Data 
Tmm(avg) Table 3 
Pmm(avg) Table 4 
Pemin(avg) Table 4 
Nave) Table 10 


b. Step 7B—Calculate GSVmp. 

The gross standard volume (GSVmp) of the master 
prover—that is, the “true” volume of liquid passing through 
the prover during the proving run, is calculated by the follow- 
ing equation: 


GSVmp = BPVmp x CCFmp 


The base prover volume (BPVmp) is obtained from the 
master prover calibration certificate. 

To calculate the combined correction factor (CCFmp) 
requires calculating all four correction factor values— 
CTSmp, CPSmp, CTLmp, and CPLmp. These values are then 
sequentially multiplied in the order specified, rounding at the 
end of the multiplication. 


1. Determine CTSmp: 

The CTSmp value corrects for the thermal expansion of 
the steel in the prover calibrated section, using the average 
prover liquid temperature [Tmp(avg)] from all of the 
selected proving runs. 

For displacement master provers with detectors 
mounted internally in the calibrated section, the following 
formula shall be used: 


CTSmp = 1+ [(Tmp(avg) — Tb) x Gmp] 


32 
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CPLmp = 


For displacement master provers using detectors that 
are mounted externally on a shaft (e.g., small volume 
provers), this modified formula shall be used: 


CTSmp = {1+ [(Tmp(avg) — Th) x Gal} 
x { l+[(Td(avg) — Tb) x GI} 


This CTSmp value shall be rounded in accordance with 
the requirements of Table 8. 


2. Determine CPSmp: 

The CPSmp value corrects for the expansion of the 
steel in the prover calibrated section, using the average 
liquid pressure of the master prover [Pmp(avg)] from all 
of the selected proving runs. 

The CPSmp for a single wall displacement master 
prover shall be calculated using the following formula: 


[Pmp(avg)-Pbg]xID 
Ex WT 


’ 


CPSmp = 1+ 


where 
ID OD — (2x WT), 
Phe = Opsig. 


oO 


This CPSmp value shall be rounded in accordance with 
the requirements of Table 8. 
For a double wall displacement master prover, 


CPSmp = 1.00000. 


3. Determine CTLmp: 

By using an average base density (RHOb, APIb, RDb, 
and DENb), and the average temperature of the liquid 
{Tmp(avg)] in the master prover, together with the relevant 
standards or computer routines, a value for CTLmp can be 
obtained. Round this value according to the discrimination 
level requirements specified in Table 8. 


4, Determine CPLmp: 

Using an average density value (RHOb, APIb, RDb, 
DENb), the average master prover pressure [Pmp(avg)] 
and the average master prover temperature [Tmp(avg)], 
calculate the value of Fmp using the appropriate technical 
standards. Round this value according to the requirements 
specified in Table 5. 

Using the compressibility factor (Fp) determined in 
the preceding step, together with the average pressure in 
the prover calibrated section [Pmp(avg)], the equilibrium 
vapor pressure of the liquid in the prover [Pempfavg)], and 
the base pressure (Pba), calculate the CPLmp value using 
the following expression: 


! 
1-[(Pmp(avg) + Pha- Pemp(avg)) x Fmp| 
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Round this value according to the discrimination level 
requirements specified in Table 8. 


Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, then Penep(avg) is considered to 
be zero psig. 


5. Determine CCFimp: 

Having determined the four correction factors, the 
combined correction factor of the master prover (CCF mp) 
can be calculated by serial multiplication of the correction 
factors in the exact order specified, using the equation 
shown below and rounding at the end of the multiplica- 
tion. Round this value according to the discrimination 
level requirements specified in Table 8. 


CCFmp = CTSmp x CPSmp x CTLmp x CPLmp 


Following this calculation, calculate GSVmp using the 
formula: 


GSVmp = BPVmp x CCFimp 


c. Step 8B—Calculate /SVimm. 

The indicated standard volume (/SVimm) of the mastcr 
meter is the volume of the liquid passing through the meter 
for the selected proving runs, with no correction for meter 
inaccuracies, and is calculated by the following equation: 


1SVmm = [Vm x CCFmm 


1, Determine /Vimm: 

Using a digital pulse train allows the indicated volume 
({Vmm) through the master meter to be calculated by 
dividing the average of all the pulses [M(avg)] for all of 
the selected proving runs, by the nominal K-factor (NKF), 
as shown below. Round and record the value of 7Vm in 
accordance with the discrimination levels specified in 
Table 9. 


lVmm = N(avg) 


NKF 


Calculating the combined correction factor (CCFmm) 
for the master meter requires the calculating of two cor- 
rection factor values, CTLmm and CPLmm, which are 
then sequentially multiplied in the order specified. 


2. Determine CTLaum: 

By using an average base density (RHOb, APIb, RDB, 
DENb), and the average temperature [Trmm(avg)] of the 
liquid in the master meter, together with the relevant stan- 
dards or computer routines, a value for CTLmm can be 
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obtained. Round this value according to the discrimination 
level requirements specified in Table 8. 


3. Determine CPLmm: 

Using an average density value (RHOb, APIb, RDb, 
DENb), the average master meter pressure [Prun(avg)], 
and average master meter temperature [Trun(avg)], from 
all of the selected proving runs, calculate the value of Fmm 
using the appropriate technical standards. Round this value 
according to the requirements spccificd in Table 5. 

Using the value of Fim determined in the preceding 
step, together with the average pressure in the master 
meter [Pmm(avg)}, the equilibrium vapor pressure of the 
liquid in the master meter [Pem/(avg)], and the base pres- 
sure (Pba), calculate the CPLmm value using the 
following expression: 


1 


CPLan > 
1—[(Pmm(avg) + Pha-Pemm(avg)) x Fmm] 


Note: If the vapor pressure of the liquid is less than atmo- 
spheric pressure at normal temperature, then Pemm(avg) is 
considered to be zero psig. 


4. Determine CCFmm: 

When the two correction factors have been determined, 
the combined correction factor of the master meter 
(CCFmm) is calculated by serial multiplication of the cor- 
rection factors in the exact order specified and rounding at 
the end of the multiplication, using the equation shown 
below. Round this value according to the requirements 
specified in Table 8. 


CCFmm = CTLmm x CPLmm 


After these calculations, calculate JS Vim using the for- 
mula at beginning of Step 8B. 


d. Step 9B—Final MMF. 
The master meter factor (MMF) is determined by the 
formula: 


GSVmp 


MMF = 
ISVmm 


Round this value to the requirements specified in Table 8. 


12.3.1.3 To Determine a Master Meter Factor with 
an Open Tank Prover as the Master Prover 
and Using the Average Meter Factor 
Method of Calculation 


Normal industry practice uses the average meter factor 
method to calculate master meter factors when proving a 
master meter with a tank prover as the master prover. Normal 
proving technique allows flow through the master meter into 
the empty master tank prover until filled. This constitutes a 
proving run. 
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Complete Steps | through 5 as shown in 12.3.1.a—d. 


a. Step 6C—Calculate GSVmp. 

The gross standard volume (GSVmp) of the tank prover is 
the “true” volume of the liquid contained in the prover 
between the nominal “empty” and “full” levels. The GSVmp 
is calculated from the following equation: 


GSVmp = BPVamp x CCFmp 
where 
BPVamp = SRu-— SRI 


The adjusted base prover volume (BP Vamp) for the master 
tank prover is determined by the difference between the upper 
and lower scale readings during each proving run. To deter- 
mine the lower (SRI scale reading, the open master tank 
prover should first be filled with liquid, then drained to empty 
for the prescribed draining time, then refilled up to the lower 
scale. The lower scale reading is taken prior to the proving run. 
If the tank prover has no lower scale, then the zero mark is 
established depending on the bottom arrangement of the tank 
prover. The proving run is then initiated. The master tank 
prover is filled to the upper scale, the flow is shut off, and the 
upper (SRu) scale reading is taken. The scale readings should 
be recorded as indicated in the discrimination levels in Table 9. 

To calculate the combined correction factor for the master 
tank prover (CCF mp), it is necessary to obtain the CTSmp, 
CPSmp, CTLmp, and CPLmp values, as discussed in the pre- 
vious section on displacement provers. 


1. Determine CT Srp: 
The CTSmp for a master tank prover may be calculated 
from the formula: 


CTSmp = 1 + [((Tmp — Tb) x Gimp] 


This CTSmp value shall be rounded in accordance with the 
discrimination requirements specified in Table 8. 


2. Determine CPSmp: 
Since an open tank prover is under atmospheric condi- 
tions, the CPSmp value is set to unity. 


CPSmp = 1.00000 


3. Determine CTLmp: 

By using a base density (RHOb, APIb, RDb, and 
DENb) and the temperature (7mp) of the liquid in the 
master tank prover, together with the appropriate stan- 
dards or computer routines, a value for C7Timp can be 
determined. Round this value according to the require- 
ments specified in Table 8. 


4, Determine CPLmp: 
Since the open tank prover is under atmospheric condi- 
tions, the CPLmp value is set to unity. 


CPimp = 1.00000 
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5. Determine CCFmp: 

When the four required correction factors have been 
determined, the combined correction factor of tank prover 
(CCF mp) can be calculated by serial muitiplication of the 
correction factors in the exact order specified, using the 
equation shown below. Round this value according to the 
requirements specified in Table 8. 


CCFmp = CTSmp x CPSmp x CTLmp x CPLmp 
CCFmp = CTSmp x 1.00000 x CTLmp x 1.00000 
CCFmp = CTSmp x CTLmp 


When these calculations are done, calculate GSVmp 
using the formula: 


GSVmp = (SRu — SRI) x CCFmp 


b. Step 7C—Calculate /SVmum. 

The indicated standard volume (SVmm) of the master 
meter is the volume of the liquid passing through the meter 
for selected runs, without correction for meter inaccuracies. It 
is calculated by the following equation: 


[SVmm = 1Vmm x CCFmm 


1. Determine /Vimm: 

It a digital pulse train is used, then the indicated vol- 
ume passed through the master meter is calculated by 
dividing the pulses (NV) from each run by the nominal K- 
factor (NKF), as shown below. Round and record the 
value of {Vim in accordance with the discrimination lev- 
els specified in Table 9. 


Van = — 
NKF 

If a master meter register head is used, the /Vmm is cal- 
culated using the opening and closing master meter 
readings (MMRo, MMRc) for each run, as shown below. 
Round and record the value of 7Vmm in accordance with 
the discrimination levels specified in Table 9. 


IVmm = MMRc - MMRo 


To calculate the combined correction factor (CCF mm) 
for the master meter requires calculation of the correction 
factor values CTLmm and CPLmm, which are sequentially 
multiplied together in the order specified. 


2. Determine CTLaum: 

By using a base density (RHOb, APib, RDb, and 
DENb) and the temperature (Trum) of the liquid in the 
master meter, together with the appropriate standards or 
computer routines, a value for CTLmm can be obtained. 
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Round this value according to the requirements specified 
in Table 8. 


3. Determine CPLmm: 

Using a density value (RHOb, APIb, RDb, DENb), the 
master meter pressure (Print), and the master meter tem- 
perature (Timm), calculate the value of Fmm using the 
appropriate technical standards. Record and round this 
value according to the requirements specified in Table 5. 

Using the Frm determined in the preceding step, 
together with the pressure in the master meter (Pmm), the 
equilibrium vapor pressure of the liquid in the master 
meter (Perm), and the base pressure (Pba), calculate the 
CPLmm value using the following expression: 


1 


CPLaa.—-—_ J 
1-[(Pmm + Pba—Pemm) x Fmm|] 


Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, Pemum is considered to be zero 


psig. 
4, Determine CCFimm: 

When the two correction factors have been determined, 
the combined correction factor for the master meter 
(CCF mm) can be calculated by serial multiplication of the 
correction factors in the exact order specified, using the 
equation shown below. Round this value according to the 
requirements specified in Table 8. 


CCFmm = CTLmm x CPLmm 
The JSVmm is then calculated by the equation: 
ISVmm = IVmm x CCFmm 
c. Step 8C—Calculate IMMF 


Intermediate master meter factors (MMF) are determined 
for each of the selected proving runs by the formula: 


GSVmp 
ISVmm 


IMMF = 


Record and round the values of IMMF according to the dis- 
crimination level requirements specified in Table 8. 


d. Step 9C—Calculate Repeatability. 

To judge the acceptability of each of the selected run data, 
the repeatability for the average meter factor method is calcu- 
lated as follows: 

Intermediate master meter factors ((MMF) have been cal- 
culated for each filling of the master tank prover. The range of 
these intermediate master meter factors for all the acceptable 
master proving runs is now calculated and used as the mea- 
sure of acceptability for the master meter proving. In this 
method, the complete calculation steps to determine an inter- 
mediate meter factor have to be performed for every master 
prover filling and then these intermediate master meter fac- 
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tors must be compared to assess acceptable repeatability. 
Acceptable repeatability (%R) is defined as all the intermedi- 
ate master meter factors within a range of 0.020%. 

This repeatability check is made using the following formula: 


R% = mani MME aM Es 100 
minIMMF 


e. Step 10C—Final MF 

The master meter factor (MMF) is a value used to adjust 
for any small inaccuracies associated with the performance of 
ihe master meter. Having established that the range (repeat- 
ability) of the intermediate master meter factors UMMF) 
meets the acceptability criteria, a final master meter factor 
shall be calculated as follows: 


where 


n = the total number of acceptable JMMF from the 
selected proving runs. 


Round the master meter factor as specified in Table 8. 


12.3.2 Proving an Operational Meter Using a 
Master Meter 


After the master meter has been proved against a master 
prover, this master meter can then be used to prove opera- 
tional meters that are in custody transfer service. Since differ- 
ences will almost certainly occur between the proving 
conditions of the master meter using a master prover and the 
proving conditions of the master meter with an operational 
meter, an increased degree of uncertainty in the final meter 
factor may result. 

The calculation procedures for proving operational meters 
with a master meter do not include the calculations associated 
with RHOb, CTL, or F. The rounding, calculation sequence, 
and discrimination levels for these terms are, for the most 
part, contained in the references listed in Appendix A. When a 
reference does not contain an implementation procedure, 
Appendix A contains a suggested implementation method. 
The calculation procedure to be used when proving a field 
meter with a master meter is the average meter factor method. 


a. Step [—Enter Initial Master Meter Data (Prover). 
Enter the initial master meter information on the meter cal- 
ibration certificate on the meter proving report form. See 


12.1.a, Step L. 


b. Step 2—Enter Initial Field Meter Data. 

Enter the required information on the operational meter 
being proved on the meter proving report form. See 12.1.b, 
Step 2. 
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c. Step 3—Enter Fluid Data 
Enter all the required information on the hydrocarbon liq- 
uid being metered. See 12.1.c, Step 3. 


d. Step 4—Record Run Data. 


For each proving run, record the following data: 


Discrimination 
Levels 

Master Meter Data 

Tmm Table 3 

Pam Table 4 

MMF Table 8 
Meter Data 

Tm Table 3 

Pm Table 4 

N Table 10 


e. Step 3—Calculate Base Density. 

Using the observed density (RHOobs, DENobs, APlobs, or 
RDobs) and observed temperature (Tabs), calculate the base 
density (RHOb, DENb, APIb, RDb) by cither the appropriate 
technical standards, the proper density correlations, or the rel- 
evant equations of state. Round the density value in accor- 
dance with specifications given in Table 1. 


f. Step 6—Calculate GSVmm. 

The gross standard volume (GSVmm) for liquid passing 
through the master meter— that is, the “true” volume of liq- 
uid passing through the master meter during the proving 
run—is calculated by the following equation: 


GSVmm = [V¥mm x CCFmm 


To calculate the combined correction factor (CCF), the 
correction factor values CTLan and CPLmm are calculated 
and then sequentially multiplied together in the order specified. 

The master meter factor (MMF) was calculated by the pro- 
cedures shown previously. 


1. Determine [Vmmm: 

If a digital pulse train is used, the /Viun is calculated 
by dividing the pulses (V) from each run by the nominal 
K-factor (NKF) as shown below. Round and record the 
value of /Vmm in accordance with the discrimination lev- 
els specified in Table 9. 


IV. ——— 
1 = NKF 


If a meter register head is used, the /Vum is calculated 
by using the opening and closing meter readings (MMRo, 
MMRc) for each run. Round and record the value of /Vmm 
in accordance with Table 9. 


IVmm = MMRc —- MMRo 
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2. Determine C7Lmm: 

By using a base density (RHOb, APIb, RDb, DEND), 
and the temperature (7mm) of the liquid in the master 
meter, together with the appropriate standards or computer 
routines, a value for CTLmm can be obtained. Round this 
value according to the requirements specified in Table 8. 


3, Determine CPLnum: 

Using a density value (RHOb, APIb, RDb, DEND), the 
master meter pressure (Prim), and the master meter tem- 
perature (Tmm), calculate the value of Fmm using the 
appropriate technical standards. Round this value accord- 
ing to the requirements specified in Table 5. 

Using the Fim determined in the preceding step, 
together with the liquid pressure in the master meter 
(Pmm), the equilibrium vapor pressure of the liquid in the 
master meter (Pemm), and the base pressure (Pha), calcu- 
late the CPLmm value using the following expression: 


1 
CPLan=—_——_ 
de 1-[(Pmm + Pba- Pemm)x Fmm] 

Round this value according to the requirements speci- 
fied in Table 8. 


Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, Perm is considered to be zero 


psig. 
4, Determine CCFimm: 

When the two correction factors have been deter- 
mined, the CCFmm can be calculated by serial 
multiplication of the correction factors and the master 
meter factor in the order specified, using the equation 
shown below. Round this value according to the require- 
ments specified in Table 8. 


CCFmm = CTLmm x CPLmm x MMF 


5. Determine GSVmum: 

The gross standard volume of the master meter 
(GSVmm) is the “true” volume of the liquid passing 
through the master meter during the proving pass. The 
GSVmm is calculated by the following equation and 
rounded to the discrimination requirements contained in 
Table 9: 


GSVmm = [V¥mm x CCFmm 


g. Step 7—Calculate 1SVm. 

The indicated standard volume (/SVm) of the liquid pass- 
ing through the operational meter that is being proved by the 
master meter, is calculated by the following cquation: 


[SVm = 1Vm x CCFm 
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The indicated volume of the operational meter (JV) is cal- 
culated in one of two ways: 

If a digital pulse train is used, the [Vm through the opera- 
tional meter is calculated by dividing the pulses (N) from 
each run by the nominal K-factor (VKF), as shown below. 
Round and record the value of /Vm in accordance with the 
discrimination levels specified in Table 9. 


If a meter register head is used, the /Vm is calculated using 
the opening and closing meter readings (MRo, MRc) for each 
run as shown below. Round and record the value of 7Vm in 
accordance with Table 9. 


Vm = MRc — MRo 


To calculate the combined correction factor (CCF), the 
correction factor values CTLm and CPLm are calculated and 
then sequentially multiplied together, in the order specified. 


1. Determine CTLm: 

By using a base density (RHOb, APIb, RDb, DENb) and 
the temperature (Tim) of the liquid in the operational meter, 
together with the appropriate standards or computer rou- 
tines, a value for CTL can be obtained. Round this value 
according to the requirements specified in Table 8. 


2. To Determine CPLm: 

Using a density value (RHOb, APIb, RDb, DEND), the 
pressure in the operational meter (Pm) and the tempera- 
ture of the liquid in the operational meter (7m), calculate 
the value of Fin: using the appropriate technical standards. 
Round this value according to the requirements specified 
in Table 5. 

Using the factor (Fm) determined in the preceding step, 
together with the liquid pressure in the operational meter 
(Pm), the equilibrium vapor pressure of the liquid in the 
operational meter (Pem), and the base pressure (Pba), cal- 
culate the CPLm value using the following cxpression: 


1 


CPLm= 
1 —[(Pm + Pha— Pem)x Fm] 


Round this value according to the requirements speci- 
fied in Table 8. 


Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at normal temperature, Pem is considered to be zero 


psig. 
3. Determine CCFin: 

When the two correction factors have been determined, 
the combined correction factor of the operational meter 
(CCFm) can be calculated by serial multiplication of the 
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correction factors in the order specified, using the equa- 
tion shown below. Round this value according to the 
requirements specified in Table 8. 


CCFm = CTLm x CPLm 


4. Determine /SVin: 

The indicated standard volume (/SVm) of the opera- 
tional meter is the volume of the liquid passing through 
the meter during the equivalent proving pass and is calcu- 
lated by the following equation: 


[SVm = [Vinx CCFm 


Round this value according to the requirements speci- 


fied in Table 8. 


h. Step 8—Calculate IMF. 


Intermediate meter factors are determined for every 
selected proving run by the formula: 


GSVmm 


IMF = ——— 
TSVm 


Record and round this value to the requirements specified 
in Table 8. 


i. Step 9—Caiculate Repeatability. 

To judge the acceptability of each of the selected runs, 
the repeatability for the average meter factor method is 
calculated as follows; 

Intermediate meter factors MF) shall be calculated for 
each proving run. The range of these intermediate master 
meter factors, for all the acceptable proving runs is now 
calculated, and used as the measure of acceptability for 
the meter proving. In this method, the complete calcula- 
tion steps to determine an intermediate meter factor have 
to be performed for every selected prover run and then 
comparing all these intermediate meter factors for accept- 
able repeatability. Acceptable repeatability (%R) is 
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defined as all the intermediate meter factors within a range 
of 0.050%. 
This repeatability check is made using the following 
formula: 
maxIMF — minIMF 


R% = ——mIMF 10 


j. Step 10—Calculate Final MF 

Having established that the range (repeatability) of the 
intermediate meter factors (/MF) meets the acceptability cri- 
teria, then a final meter factor shall be calculated as follows: 


SUIMF 


n 


MF = 


whcre 


n = the number of acceptable /MF from the selected 
proving runs. 


Record and round this value to the discrimination level 
requirements as specified in Table 8. 


k. Step 11—Composite Meter Factor (CMF). 


The composite meter factor is determined at the time of 
proving by the following expression: 


CMF = MF x CPL 


When calculating the CMF, use a CPL value that is based 
on the normal metering pressure that occurs when the hydro- 
carbon liquid flow is net passing through the prover. 


1. Step 12—Calculate Meter Accuracy (MA) 

For many field applications, a mechanical or electronic cal- 
ibrator is often used to adjust the meter factor to unity to cor- 
rect meter readings associated with truck loading racks and 
LACT/ACT meter skids. To ascertain that the proving report 
and the required calibrator adjustments have been made with- 
out error, determine the meter accuracy for each proving run 
using the following equation: 


MA = — 
MF 


STD-API/PETRO MPMS Je-ce3-ENGL 1998 MM 0732290 0612473 565 


38 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES 


Obtain and Record Prover Data 


Obtain and Record Meter Data 


Obtain and Record Data on Hydrocarbon Liquid being Metered 


Determine Base Density 


Make Proving Run 


Record Tp, Pp, Tm, Pm, and N 


Determine BPV, CTSp, CTLp, CPLp, CPSp, CCFp, and Calculate GSVp 


Determine [Vm, CTLm, CPLm, CCFm, and Calculate iSVm 


Calculate (GSVp/1SVm) Intermediate Meter Factor (/MF) 


Meet Selected Run (/MF) Repeatability Requirements? 


YES NO 


Calculate Average Meter Factor 


Figure 1—Proving Report Flow Chart 
Displacement Pipe Prover Using Average Meter Factor Method 
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Obtain and Record Prover Data 
Obtain and Record Meter Data 
Obtain and Record Data on Hydrocarbon Liquid being Metered 
Determine Base Density 


Make Proving Run 


Record Td, Tp, Pp, Tm, Pm, and Ni 


Meet Selected Run (Ni) Repeatability Requirements? 


YES NO 


Calculate Td(avg), Tp(avg), Pp(ava), Tm(avg), Pm(avg), and N(avg) 


Determine BPV, CTSp, CPSp, CTLp, CPLp, CCFp, and Calculate GSVp 


Determine /[Vm, CTLm, CPLm, CCFm, and Calculate {SVm 


Calculate (GSVp/1SVm) Meter Factor 


Figure 2—Proving Report Flow Chart 
Small Volume Prover (with Externally Mounted Detectors) Using Average Data Method 
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Obtain and Record Prover Data 


Obtain and Record Meter Data 


Obtain and Record Data on Hydrocarbon Liquid being Metered 


Determine Base Density 


Record SRI and MRo (if applicable) 


Make Proving Run 


Record Tp, SRu, Tm, Pm, and (MAc or N, whichever is required) 


Determine BPVa, CTSp, CTLp, CCFp, and Calculate GSVp 


Determine /Vm, CTLm, CPLm, CCFm, and Calculate /SVm 


Calculate (GSVp/1SVm) Intermediate Meter Factor (MF) 


Meet Selected Run (/MF) Repeatability Requirements? 


YES NO 


Calculate Average Meter Factor 


Figure 3—Proving Report Flow Chart 
Volumetric Tank Prover Using Average Meter Factor Method 
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Obtain and Record Master Prover Data 
Obtain and Record Master Meter Data 
Obtain and Record Data on Hydrocarbon Liquid being Metered 
Determine Base Density 


Make Proving Run 


Record Tmp, Pmp, Tmm, Pmm, and N 


Meet Selected Run (N) Repeatability Requirements? 


YES NO 


Calculate Tmp(avg), Pmp(avg), Tmm(avg), Pmm/(avg), and N(avg) 


Determine BPVmp, CTSmp, CPSmp, CTLmp, CPLmp, CCFmp, and Calculate GSVmp 


Determine /Vmm, CTLmm, CPLmm, CCFmm, and Calculate /SVmm 


Calculate (GSVmp/SVmm) Master Meter Factor 


Figure 4—Proving Report Flow Chart 
Proving a Master Meter with a Displacement Master Prover Using the Average Data Method 
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Obtain and Record Master Meter Data 
Obtain and Record Field Meter Data 
Obtain and Record Data on Hydrocarbon Liquid being Metered 
Determine Base Density 


Make Proving Run 


Record 7mm, Pmm, Tm, Pm, and N 


Determine [Vmm, CTLmm, CPLmm, MMF, CCFmm, and Calculate GSV¥mm 


Determine [Vm, CTLm, CPLm, and Calculate /SVm 


Calculate Intermediate Meter Factor (/MF) 


Meet Selected Run (/MF) Repeatability Requirements? 


YES NO 


Calculate Average Meter Factor 


Figure 5—Proving Report Flow Chart 
Proving a Field Meter with a Master Meter Using the Average Meter Factor Method 
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i SS SS SSeS 


13 Proving Report Examples 


The following examples are shown for illustrative purposes only. However, they can be used to verify computer routines and 
calculation procedures. The number of selected proving runs is an operator (company policy) decision, and the number of proving 
runs shown in the following examples are intended to be illustrative only. Many other equally valid numbers of proving runs could 
have been selected. 


13.1 EXAMPLES OF METER PROVING CALCULATIONS FOR PIPE PROVERS AND SMALL 
VOLUME PROVERS 
13.1.1 Example 1—Displacement Prover Report 
a. Temperature Compensated Displacement Meter. 
b. Unidirectional Meter Prover. 
c. Low Vapor Pressure Crude Oil. 


d. Calculate: Composite Meter Factor Using the Average Data Method. 


Previous page is blank 
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OPERATOR : 
LOCATION : 


METER DATA 


CMF 
Yes 
1,000.000 
o06 
PD 
10 
PD-97-101 
101-ABC 


Factor 

T.Comp. Pulses 
NKF 

Meter No, 
Manufacturer 
Size 

Serial Ne. 
Model No. 


PROVER DATA 


BPV 
o.D. 
WT. 0.5 
Pipe Gi 6.20E-06 
= 3.00E+07 
Type Unidirectional 
Single-Walied 1 
internal Detectors 1 
External Shaft, Gi NA 
Serial No, U-101 
Manufacturer Prover Maker 


11.9048 
20 


Example 1—DISPLACEMENT PROVER REPORT 


AP! MPMS Chapter 12.2 Part 3- Example 1 
Washington, 0.C. USA 


FLUID DATA 
Type 


Crude 
Batch No. NA 
Obs API 44.5 
Obs Temp 86.5 
Liquid Tabies 1 
API @60 42.2 


Viscosity 100degF 5.00 


P/Bb! 1 - Tables SA/6A 
2- Tables 5B/6B 


<<< (Select 1 or 2) 


inches 


Liquid Properties at 
Bbis Metering Conditions For CMF 
inches 
inches 
per degF 
per psi 


25 
78.0 


Pressure psig 
degF 


psig 


Temperature 
Eq. Vapor Pressure oO 


CPL 1.0002 


(-Y, 24) 
(1-¥, 2-N) 
per degF 


API 5A4/6A - Crude Oil and JP-4 
API MPMS Chapter 17.4 Vol X 


November, 1997 


REPORT DATA 


Previous Current 


Date 

Fluid Type 
Rlepart Na. 
Flowrate 

Tetalizer 


23-Aug-97 
Crude 
20 
2,457 
4,678,329 
41.8 
4.8 
84.5 
R(%) 0.042 
Factor (CMF) 0.9966 
Factor Variation ~ 


30-Jul-98 
Crude 
21 
2,542 
$423,673 
42.2 
5.00 
78.6 
G.025 
0.9956 
-0.0011 


AP! @ 60 
Viscosity (cP) 
Prover Temp 


Report Method 2 


Avg DATA Method 
Run Criteria 5 out of 6 consecutive runs 
within 0.050% 


Repeatability (Fi) 0.025 (%} 


API MPMS Chapter 11.2.1 


IMF 
<> NA 
<> NA 

= NA 
<> NA 
<> NA 
<> NA 
- NA 
= NA 
7 NA 
= NA 
<> Selected Runs NA Average 


Security Seals 


Seals Off 


Electronic Temperature Device 
Found 
77.8 
78.0 


Certified degF 


Device degF 


Certified 
Device 


78,1 
78.2 


degF 
degF 


Tp andor Td T™m Pp Pm N 
(degF) (degF) (psig) (psig) 
1 78.6 78.6 45 30 11,852.000 1 
2 78.2 78.5 44 28 1,851.000 2 
3 78.5 73.5 43 25 11,866.000 3 
a 78.5 78.8 a4 28 11,850.000 4 
5 78.3 78.9 42 25 11,852.000 5 
5 78.8 78.9 42 25 11,849.000 6 
7 0.0 0.0 oO ie) 0.000 7 
8 0.0 0.0 oO 0 0.000 8 
9 0.0 0.0 oO oO 9.000 9 
10 0.0 0.0 0 ie) 0.000 10 
Average 78.60 73.70 43.0 27.0 11,850.8000 
rr 
(1) Determination of GSVp CCFp= 0.99104 
BPV Ctsp Cpsp Ctip Cpip GSVp 
[  11.90480 rl 1.00035 ye 1.00005 xd 0.99039 ke 1.90026 ys 11798100 
(2) Determination of ISvm CCFm = 1.00016 
Avaraga Gross 
Pulses. Pulses/BBL Mitr Vol Ctim Cplm IsVn 
IC 11,850.800 vw 1,000.000 Mel 711.850800 IK 1.00000 xe 1.90016 Ye 11.85270 
(3) Determination of Proving Factors 
ay) (GSVp YWOISVm ) = 0.9954 MF 
(2) (MF )*( CPL) = 0.9956 CMF <<<cce 
3) 1/MF = 1.0046 MA 
4 (NKF)AMF)= = 1,004.621 KF 
6) (KFY(CPL)= 995.550 CKF 
SIGNATURE DATE ‘COMPANY 


nie 
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13.1.2 Example 2—Displacement Prover Report 
a. Nontemperature Compensated Turbine Meter. 
b. Bidirectional Meter Prover. 
c. Low Vapor Pressure Petroleum Product. 


d. Calculate: Meter Factor Using the Average Meter Factor Method. 
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Example 2—DISPLACEMENT PROVER REPORT 


OPERATOR : AP| MPMS Chapter 12.2 Part 3 - Exampie 2 November, 1997 
LOCATION : Washington, D.C. USA , 


REPORT DATA 
Previous Current 


Batch No. 
Obs API ¥ 1- Tables SA6A Date 3-Aug-97 30-Jul-98 


Obs Temp 2- Tables SBI6B Fluid Type RU su 
Liquid Tables <<< (Select 1 or 2) Report No. 20 21 
API@60 Flowrate 2,457 2,542 


Viscosity 100degF 


T.Comp. Pulses 
NKF 4.900.000 © P/BbI 
Meter No. 006 
Manufacturer Conventional Turbine 
Size 10 inches 
Serial No. PD-97-207 
Mode! No. 102-ABC 


Totalizer 4,878,329 = 5.423,873 


AP! @ 60 54.5 59.1 
Viscosity (cP) 0.56 0.50 
Prover Temp 84.5 78.6 

R(%) 0.042 0.027 
Factor (MF) 0.9986 0.9996 
Factor Variation _ 0.0010 


PROVER DATA Liquid Properties at 


Metering Conditions For CMF 


BPV 23.8105 Bbis 


0.D. 16 inches 
W.T. 0.5 inches 
Pipe Gi 6.20E-06 per degF 
= 3.00E+07 per psi 
Type Bidirectional 
Single-Walled | (1-¥, 2-N) 
Internal Detectors q (1-¥, 2-N) 
Extemal Shaft, Gl NA per degF AP! 5SB/6B - Gasolines and Napthenes Repeatability (R) 0.027 = (%) 
Serial No. B-202 API MPMS Chapter 11.1 Vol X 
Manufacturer _Prover Maker API MPMS Chapter 11.2.1 


Pressure 25 psig 


Temperature 78.0  degF 
Eq. Vapor Pressure 0 psig 
CPL NA 


Report Method 1 Avg MF Method 
Run Criteria 5 out of 6 consecutive runs 


within 0.050% 


RUN TEMPERATURE PRESSURE PULSES RUN RUN 
Ipand Td Tm Pp Pm N MEF 
(degF) (degF} {psig) (psig) 
1 78.6 78.6 45 30 23,835.000 1 <> 0.99950 
2 78.2 78.5 44 28 23,839.000 2 <> 0.99952 
3 78.5 78.5 43 25 23,849.000 3 - 
4 78.5 78.8 44 28 23,840.000 4 <> 0.99947 
5 78.8 78.9 42 25 23,831.000 5 <> 0.99974 
6 78.8 78.9 42 25 23,832.000 6 <> 0.99969 
7 0.0 0.0 0 0 0.000 7 - 
8 0.0 0.0 0 0 0.000 8 - 
9 0.0 0.0 0 Q 0.000 9 - 
10 0.0 0.0 0 0 0.000 10 - 
Average 78.60 78.70 43.0 27.0 23,835.4000 «<> Selected Runs 0.99958 Average 
(1) Determination of GSVp CCFp = NA 
BPV Ctsp Cpsp Ctip Cplp GSVp Security Seals 
{( 23.81050 Nia 1.00035 yC 1.00004 " 0.98733 y¢ 1.000385 = NA 
(2) Determination of ISVm CCFm = NA 
Average Gross 
Pulses Pulses/BBL Mt Vol Ctlm Colm Isvm 
[( 23,835.400 vi 1.000.000 ‘Yel -23.835400 I 0.98726 y¢ 1.00022 We NA 
(3) Determination of Proving Factors Electronic Temperature Device 
Found 
(1) (GSVp Y(1SV¥m ) = 0.9996 MF <<cc< Certified 77.5 degF 
(2) (MF )*( CPL) = NA CMF Device 78.0 degF 
(3) t/MF= 1.0004 MA 
(4) (NKF)(MF)= 1,000.400 KF Certified 78.1 degF 
6) (KF (CPL) = NA CKF Device 78.2 deg 


SIGNATURE DATE COMPANY 
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13.1.3 Example 3—Smali Volume Prover 
a. Nontemperature Compensated Helical Turbine Meter. 


b. Small Volume Unidirectional Prover with Externally Mounted Detectors. 


c. High Vapor Pressure Liquid. 


d. Calculate: Meter Factor Using the Average Meter Factor Method. 
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OPERATOR : 
N LOCATION : 


Factor 

T.Gomp. Pulses 
NKF 

Meter No. 
Manufacturer 
Size 

Serial No. 
Model No. 


Example 3—SMALL VOLUME PROVER 


APi MPMS Chapter 12.2 Part 3 - Example 3 
Washingion, D.C. USA 


METER DATA 
MF 
No 
354.899 P/Bbl 
006 
Helical Turbine 
4 inches 
HT-97-198 
103-ABC 


FLUID DATA 
Type NAPTHA 


Batch No. NA 
Obs API 62.5 

Obs Temp = 86.5 

Liquic Tabies 
API@60 


Viscosity 100degF 


SECTION 2, PART 3—PROVING REPORTS 


1 - Tables 5AV6A 
2 - Tables 5BYEB 


<<< (Select 1 or 2) 


November, 1997 


REPORT DATA 
Previous Current 


Date —_3-Aug-97 30-Jul-98 
Fluid Type LPG NAPTHA 


Report No. 20 21 
Flowrate 2,457 2,542 


Totalizer 4,678,329 56,423,873 
AP! @ 60 40.8 59.1 


Viscosity (cP) 0.23 0.50 
Prover Temp 845 78.6 
R(%) 0.042 0.037 
Factor (MF) 0.9988 0.9997 
Factor Variation — 0.0009 


PROVER DATA Liquid Properties at 


Metering Conditions For CMF 


BPV 5.24037 Bbls 


0.D. 10.750 = inches 
W.T. 0.365 inches 
Pipe Gl 6.20E-06 per degF 
E = 3.00E+07 per psi 
Type Sm.Vol.Prvr 
Single-Walled 4 (1-¥, 2-N) 
internal Detectors 2 (1-¥, 2-N} 
External Shaft, Gi 6.00E-06 —_ per degF 
Serial No. UY-303 


Pressure 80 psig 
Temperature 78.0 degF 
Eq. Vapor Pressure 15 psig 
CPL NA 


Report Method 1 Avg MF Method 
Run Criteria 5 out of 6 consecutive runs 


within 0.050% 
Repeatability (R) 0.037 (%) 


API 5B/6B - Gasolines and Napthenes 
AP! MPMS Chapter 11.1 Voi xX 


Manufacturer Unidirectional AP! MPMS Chapter 11.2.1 
RUN TEMPERATURE PRESSURE PULSES RUN RUN 
Tp and Td T™m Pp Pm Ni IMF 
(degF) (degF) (psig) (psig) : 
1 78.6 78.6 81 77 1,861.541 1 <> 0.29952 
2 78.2 78.5 82 77 1,861.244 2 <> 0.99989 
3 78.5 78.5 o1 78 1 ,860.998 3 - 
4 78.5 78.8 81 76 1,861.353 4 <> 0.99982 
5 78.8 78.9 80 77 4 ,861.574 5 <> 0,99958 
8 788 78.9 80 76 1,861.672 6 <> 0.99952 
7 0.0 0.0 0 1?) 0.000 7 - 
8 0.0 0.0 0 0 0.000 a . 
9 0.0 0.0 0 ce] 0.000 9 . 
10 0.0 0.0 0 0) 0.000 10 - 
Average 78.60 78.70 81.0 77.0 1,861.4770 <> Selected Runs 0.99967 Average 
(1) Determination of GSVp CCFp = NA 
BPV Ctsp Cpsp Ctlp Cplp GSVp Security Seals 
{( 5.24037 rk 1.00034 yt 1.00007 0.98733 r( 1.00054 j= NA 
(2) Determination of Isvm ccrm= NA 
Average Gross 
Pulses Pulses/BBL Mtr Vol cim Cpim 1Svin 
IC 1,861.477 mM 254.899 )EE 5.245090 TI 0.98726 at 1.00050 Y= NA 
(3) Determination of Proving Factors Electronic Temperature Device 
Found 
q) (GS¥p ){ ISVm ) = 0.9997 MF <<c<< Certified 77.5 degF 
(2) (MF y"(CPL) = NA CMF Device 78.0 degF 
(3) CU/MF= 1.0003 MA 
(4) {NKF)(MF)= 355.006 KF Certified 78.1 degF 
(5) (KF (CPL) = NA CKF Device 78.2 degF 


SIGNATURE DATE COMPANY 
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13.2 EXAMPLE OF A METER PROVING CALCULATION FOR AN ATMOSPHERIC (OPEN) TANK PROVER 


13.2.1. Example 4—Atmospheric Tank Prover Report 
a. Temperature Compensated Displacement Meter. 
b. Atmospheric (Open) Tank Prover. 
c. Low Vapor Pressure Petroleum Product. 


d. Calculate: Meter Factor Using the Average Meter Factor Method. 
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Example 4—ATMOSPHERIC TANK PROVER REPORT 


Operator: API MPMS Chapter 12.2 Part 3 

Location: Washington, D.C. USA November 1997 
METER DATA FLUID DATA REPORT DATA 

Factor type: CMF Fluid type: Gasoline History Previous As Found 
Method: Avg. Meter Factor Obs. API 57.0 API Date: 10/17/97 11/17/97 
T.Comp. Pulses: Yes Obs Temp. 88.5 deg F Report: 21 22 

NKF: 200 pulses/gal. API@60 53.6 API Rate: 615 GPM 600 GPM 
Meter No. 214 (Use Table 5B to get AP1@60) Totalizer: 2000687 2004676 
Meter type: Displacement (Use Table 6B for CTLp & CTLm) APIlb: 53.4 53.6 
Meter size: 6 inches (Use Table 11.2.1 for “F” factor} Tp: 79.0°F 83.0°F 
Meter Model: 60-ABC R(%) Range <0.050% <0.050% 
Serial Number: PD-06-304 CMF 1.0005 1.0025 
TANK PROVER DATA COMPOSITE FACTOR: METER PERFORMANCE: 

BPV: 1000.00 gallons Assumed weighted New CMF: 1.0004 
Type: Atmospheric tank average temperature Factor change: 0.200% 
Mfg: Prover Maker and pressure for (Avg. “as found” to previous CMF) 

Serial No AT-100 calculation of CMF: Repeatability (R) <0.050% 
ID: n/a (mild steel) Pressure: 40 psig Criteria: Range within 0.050% 
WT: na Temperature: 82.5 deg F Note: Minimum 2 Consecutive Runs 

Ge: 0.0000186 per deg F Pe: 0 psig 

E: 30,000,000 per psi CPL for CMF: 1.0003  (Compressibility (F) factor = 0.00000744) 
PROVER TANK DATA/CALCULATIONS RUN 1 RUN 2 RUN 3 RUN 4 

Upper Scale Reading (SRu), gallons 1000.10 1000.34 1000.29 1000.04 

Lower Scale Reading (SRI), gallons 0.00 0.22 -0.17 -0.42 

Base Measure Volume, Adjusted (BPVa) 1000.10 1000.12 1000.46 1000.46 
Average Tank Prover Temperature - Tp(avg) 82.2 82.6 82.8 83.0 

Tank Prover Pressure (Pp) atmospheric atmospheric aimospheric atmospheric 
Compressibility Factor (Fp) 0.00000743 0.00000744 0.00000746 0.00000746 
CTSp (CTS for prover) 1.00041 1.00042 1.00042 1.00043 

CPSp (CPS for prover)...atrmospheric 1.00000 1.00000 1.00000 1.00000 

CTLp (CTL for prover) 0.98553 0.98527 0.98513 0.98500 

CPLp (CPL for prover)...atmospheric 1.00000 1.00000 1.00000 1.00000 

CCFp (CTSp * CPSp * CTLp * CPLp) 0.98593 0.98568 0.98554 0.98542 
GSVp= (BPVa* CCFp) 986.029 985.798 985.993 985.873 
FLOW METER DATA /CALCULATIONS RUN 1 RUN 2 RUN3 RUN 4 

Flow Rate in Gallons per Minute (GPM) 600 600 600 600 

Meter Closing Pulses 196688 196700 197139 197087 

Meter Opening Pulses zeroed counter zeroed counter zeroed counter zeroed counter 
Indicated Pulses from Meter (N) 196688 196700 197139 197087 
Nominal K-Factor, Indic.P/Gal, (NKF) 200.000 200.000 200.000 200.000 
Indicated Meter Volume (IVm) gailons 983.440 983.500 985.695 985.435 

Meter Temperature in degrees F (Tm) 82.0 82.3 82.5 82.8 

Meter Pressure in psig (Pm) 40 40 40 40 
Compressibility Factor (Fm) 0,00000743 0.00000744 0.00000744 0.00000746 
CTLm (CTL for meter) Note: ATC 1.00000 1.00000 1.00000 1.00000 

CPLm (CPL for meter) 1.00030 1.00030 1.00030 1.00030 

CCFm (CTLm * CPLm) 1.00030 1.00030 1.00030 1.00030 
ISVm=  (IVm* CCFm) 983.735 983.795 985.991 985.731 
METER FACTOR CALCULATIONS RUN 1 RUN2 RUN3 RUN 4 

IMF (Intermediate Meter Factor (GSVp/ISVm) — 1.00233 1.00204 1.00000 1.00014 

MF (“As Found" & “As Left” MF) Average MF 1.0022 Average MF 1.0001 
CPL (for assumed average conditions) 1.0003 1.0003 
CMF (MF) * (CPL) 1.0025 1.0004 
MA (1/ MF) 0.9978 0.9999 
KF (NKF) / (MF) 199.561 199.980 
CKF (NKF) / (CPL) 199.501 199.920 
Signature Date Company 

Remarks: Meter Calibrator adjusted after Run 2 


Average Runs 1 & 2: “As Found” CMF. 
Average Runs 3 & 4: “As Left” CMF. 


(May be only one run if two consecutive made after recalibration). 
(May be only one run if two consecutive made before recalibration). 
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13.3 EXAMPLE OF A METER PROVING CALCULATION USING A MASTER METER 


13.3.1 Example 5—Master Meter Proving Report 
a. Nontemperature Compensated Master Meter. 


b. Bidirectional Meter Prover. 
c. Low Vapor Pressure Crude Oil. 


d. Calculate: Master Meter Factor Using the Average Data Method. 
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Example 5—-MASTER METER PROVING REPORT 


OPERATOR : API MPMS Chapter 12.2 Part 3 November, 1997 
LOCATION : Washington, D.C, USA 


MASTER METER REPORT DATA 
Previous Current 


MASTER METER DATA 
Factor MF 
T.Comp. Pulses No 
NKF — 1,000.000 pulses 
Meter No. MM-001 


FLUID DATA 
Type Crude 


Batch No. 
Obs API . 1- Tables SA6A 
Obs Temp \ 2 - Tables 5B/6B 


Date —3-Oct-97 30-Jul-98 
Fluid Type Crude Crude 


Manufacturer Displacement Liquid Tables <<< (Select 1 or 2) Report No. 20 21 
Size 6 inches API@60 Flowrate bph 1,184 1,203 
Serial No. PD-222 Viscosity 100degF Totalizer 5,398,229 5,423,873 
Model No. 111-ACK API @ 60 43.0 42.2 
Viscosity (cP) 4.76 5.00 
Prover Temp 74.5 78.6 
MASTER PROVER DATA Liquid Properties at R%) 0.014 0.017 
BPV 23,829  Bbis Metering Conditions For CMF Factor (MF) 1.0003 1.0002 
0.D. 12 inches Factor Variation ~ -0.0001 
W.T. 0.375 inches Pressure 25 psig 
: Pipe Gi =6.20E-06 per degF Temperature 86.0  degF 
* E 3.00E+07 per psi Eq. Vapor Pressure 0 psig 


Type Bidirectional CPL NA Report Method 2 Avg DATA Method 
Single-Walled 1 (1-¥, 2-N) Run Criteria 5 out of 6 consecutive runs 
Internal Detectors 1 (1-Y, 24) within 0.020% 
External Shaft, Gl NA pes degF API 5A/6A - Crude Oil and JP-4 Repeatability (R) 0.017 = (%) 
Serial No. Y¥-8979 API MPMS Chapter 11.1 Vol X 
Manufacturer _Prover Maker API MPMS Chapter 11.2.1 
RUN TEMPERATURE PRESSURE PULSES RUN RUN 
Tmp Tmm Pmp Pmm N IMMF 
(degF) (degF) (psig) (psig) 
1 78.6 78.6 45 30 23,849.000 1 NA 
2 78.2 78.5 44 28 23,839.000 2 <> NA 
3 78.5 78.5 43 25 23,838.000 3 <> NA 
4 78.5 78.8 44 28 23,840.000 4 <> NA 
5 78.8 78.9 42 25 23,836.000 5 <> NA 
6 78.8 78.9 42 25 23,837.000 6 <> NA 
7 6.0 0.0 18) Q 0.000 7 - NA 
8 0.0 0.0 ie) a 0.000 8 - NA 
9 0.0 0.0 0 0 0.000 9 - NA 
10 0.0 0.0 ie) 0 0.000 10 - NA 
Average 78.60 78.70 43.0 26.0 23,838.0000 <> Selected Runs NA Average 
(1) Determination of GSVmp CCFmp= 0.99103 
BPVmp CTSmp cPSmp CTLmp CPLmp GSVmp Security Seals 
[(  23.82900 rk 1,00035 r" 1.00004 0.99039 y( 1.00026 Js 23.615300 Seals Off 


(2) Determination of ISVmm CCFmm= 0.99050 
Avg Pulses Gross Mtr Vol 
N(avg) Pulses/BBL Vvenm cTLmm CPLmm (SV¥mm 
{(  23,838.000 Mu 1,000.000 jJ-[ 23.838000 }'[( 0.99034 yt 1.00016 Ns 23.61150 


(3) Determination of Master Meter Proving Factors 


(1) (GSVmp V(1SVmm ) = 1.0002 MMF <<<c< Certified 

(2) (MMF )*( CPL )= NA CMF Device 

(3) VMMF= 0.9999 MA 

(4) (NKE){MMF)= 999.800 KF Certified 

(5) (KF A CPL ) = NA CKF Oevice 
‘SIGNATURE DATE ‘COMPANY 
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13.3.2 Example 6—Master Meter Proving Report (Proving Another Meter) 
a. Temperature Compensated Displacement Meter 
b. Master Meter used as the Proving Device 


c. Low Vapor Pressure Crude Oil 


d. Calculate: Composite Meter Factor Using the Average Meter Factor Method 
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Example 6—MASTER METER PROVING REPORT (PROVING ANOTHER METER) 


Operator: API MPMS Chapter 12.2 Part 3 

Location: Washington, D.C. USA November 1997 
LINE METER DATA FLUID DATA REPORT DATA 

Meter No. FM-4444 Fluid type: Crude Oil History Previous As Found 
Meter Type: Displacement Obs. API 44.5 API _ Date: 11/10/97 11/17/97 
Meter Size: 6 inches Obs Temp. 86.5 deg F Report: 23 24 

Meter Model: AKC-600 API@60 42.2 API Rate (BPH): 1210 1190 
Meter Mig. Flow Meter Maker Use Table 5B to get API @60) Totalizer: 2000687 2004676 
Meter Serial No. PD-260 (Use Table 6B for CTLmm & CTLm) APib: 42.4 42.2 
Temp. Comp. Yes (Use Table 11.2.1 for “F” factor) Tp: 75.0°F 77.0°F 
Gear Ratio: 41 Note: Viscosity 5.01 cP @ 100°F R(%) Range <0.050% <0.050% 
Factor type: CMF CMF 1.0020 1.0028 
MASTER METER PROVER DATA COMPOSITE FACTOR: LINE METER PERFORMANCE: 

MM No. MM-004 Assumed weighted New CMF: 1.0028 
MM Type Displacement average temperature Factor change: 0.080% 
MM Size: 6 inches and pressure for (Avg. “as found” to previous CMF) 

MM Model 111-ACK calculation of CMF: Repeatability (R) <0.050% 
MM Mig. Flow Meter Maker Pressure: 106 psig Criteria: Range within 0.050% 
MM Serial No. PD-222 Temperature: 77.0 deg F Note: Minimum 2 Consecutive Runs 
Temp. Comp? No Pe: 0 psig 

NKF: 1000 pulses/bbl. CPL for CMF: 1.0006  (F factor = 0.00000597) 

Caiculation: Average Meter Factor Method 

DATA/CALCULATIONS, MASTER METER RUN 1 RUN 2 RUN 3 RUN 4 
Flow Rate in Barrels per Hour (BPH) 1190 1190 

Closing Master Meter Registration in Pulses 101530 101565 

Opening Master Meter Registration in Pulses zeroed counier zeroed counter 

Closing - Opening Pulses (N) 101530 101565 

Pulses per Indicated Barrel (NKF) on Master Meter 1000.00 1000.00 

Indicated Volume, Master Meter (IVmm = N/NKF) 401.530 101.565 

Temperature in degrees F (Tmm) 76.6 76.8 

Pressure in psig (Pmm) 104 104 

Compressibility Factor (Fmm) 0.00000596 0.00000597 

MMF (Master Meter Factor) 1.00020 1.00020 

CTLmm (CTL for master meter) 0.99143 0.99133 

CPLmm (CPL for master meter) 1.00062 1.00062 

CCFmm = (CTLmm* CPLmm * MMF) 0.99224 0.99214 

GSVvmm (I¥mm * CCFmm) 100.7421 100.7667 

DATA /CALCULATIONS, LINE METER RUN 1 RUN 2 RUN 3 RUN 4 
Closing Line Meter Registration (barrels) 100.4800 100.4600 

Opening Line Meter Registration (barrels) zeroed counter zeroed counter 

Closing - Opening Registration (IVm) 100.4800 100.4600 

Temperature in degrees F (Tm) 76.8 77.0 

Pressure in psig (Pm) 110 110 

Compressibility Factor (Fm) 0.00000597 00000597 

CTLm (CTL for meter) Note: ATC 1.00000 1.00000 

CPLm (GPL for meter) 1.00066 1.00066 

CCFm (CTLm * CPLm) 1.00066 1.00066 

IsVvm (Il¥vm * CCFm) 100.5463 100.5263 

METER FACTOR CALCULATIONS RUN 1 RUN 2 RUN 3 RUN 4 
IMF (Meter Factor = GSVmm / iSVm) 1.00195 1.00239 

MF (Average of Runs 1 & 2) 1.0022 

CPL (for assumed average conditions) 1.0006 

CMF (MF * CPL) 4.0028 

MA (1 / MF) 0.9978 

KF (NKF / MF) na 

CKF (KF / CPL) va 

Signature Date Company 

Remarks Average Runs 1 & 2: “As Found” (same as “As Left”) CMF. 
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APPENDIX A—FLUID DENSITIES, VOLUMES, AND 
COMPRESSIBILITY CORRELATIONS 


Table A-1—Appropriate References for RHOb, CTL, 
and F for Most Liquids 


A.1 General Information 


Table A-1, provides a guide to the appropriate references 


for RHOb, CTL, and F for most of the liquids associated with Liquid Type RHOb CTL F 
the petroleum and petrochemical industry. 
The following text, which is applicable to the Table A-I, Crude Oils 
ae these ene pees The sheen - a Crude Oils Rl) (Cl) (Fl) 
physical properties specialist shou e consulted before co 
adopting the recommendations contained in the table. Neue Genin oy (ep) 
For some of the older references, the table values for Drip Gasolines ey (cD (FE) 
RHOb and CTL cannot be curve fit. Therefore, it is recom- Refined Products 
mended that linear interpolation of these tables (between col- pe a G = 
umns and values within a column) be utilized for : ( : (c) ae 
intermediate calculations. Gasoline (R2) (C2) (Fl) 
Naphthenes (R2) (C2) (FI) 
Density Meter (Densitometer) Calculations Jet Fuels (R2) (C2) (FL) 
; : : ; Aviation Fuels (R2) (C2) (FI) 
When using an on-line density meter (densitometer), the ae es es es 
base density of a liquid (RHOb) is determined by the follow- eae ( : oa ED) 
ing expression: Diesel (R2) (C2) (FI) 
Heating Oils (R2} (C2) (Fi) 
Fuel Oils (R2) (C2) (Fl) 
RHOpS Oe 
CTLX CPL Fumace Oils (R2) (C2) (FL) 
Lube Oils (R3) (C3) (Fl) 
It is important to note that the density under flowing condi- Propane (R4) (C4) (FL) 
tions (RHOtp), must be known to accurately calculate the Butane (R4) (C4) (F1) 
base density (RHOb). Also, for low pressure applications, Propane Mixes (RA) (C4) (Fl) 
CPL may be assumed to be 1.0000, if a sensitivity analysis Butane Mixes (R4) (CA) (Fl) 
indicates an acceptable level of Uncertainty: Isopentane (R4) (C4) (F1) 
For some liquids, computer subroutines exist to correct the Asphalt NA (C5) (FI) 
observed density to base density, using the AP! MPMS Chap- 
ter 11.1, Volume X, implementation procedures. However, for Solvents 
elevated pressures, an iterative procedure to solve for base mene NA (C6) (FL) 
density is required for custody transfer purposes. The manu- Tol NA (C6 (FL) 
facturer of the densitometer should be contacted for consulta- sarees ) 
tion on the density calculation requirements at elevated Stoddard Solvent NA (C6) (Fl) 
pressures. Xylene NA (C6) (Fl) 
The computation for correcting from density at flowing Styrene NA (C6) (FL) 
conditions (RHOrp) to density at base conditions (RHOb) Orthoxylene NA (C6) (Fl) 
may be carried out continuously, if mutually agreed between Metaxylene NA (C6) (F1) 
all the parties concerned with the transaction. Paraxylene NA (C6) (Fl) 
; . . Cyclohexane NA (C6) (Fl) 
A.2 Base Density (RHOb) Determination neg NA (C6) (FL) 
The standards to convert liquid density at observed condi- Hiisal 
tions (RHOobs) to base density (RHObD) are as follows: occas 
Butadiene (R5) (C7) (F1) 
Ri. API MPMS Chapter 11.1, Volume K (ANSI/ASTM Butadiene Mixtures (R5) (CT) (Fl) 
D1250-1980), Tables 5A, 53A, and 23A cover generalized Ww. 
crude oils and jet fue! (JP4). The document specifies the abet 
implementation procedures, together with rounding and trun- For Volumetric Provers NA (C8) (F2) 
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cating, to determine the base density (RHOb) from the 
observed density (RHOobs) and observed temperature (7obs) 
at base pressure (Pb). 


a. Table 5A, used for a base temperature of 60°F, covers gen- 
eralized crude oils and jet fuel GP4) over an API@60°F 
gravity range of 0 to 100°API. For natural or drip gasolines 
with API@60°F gravity greater than 100°API, use Table 23 
of ASTM D1250 (Historical Edition, 1952). 

b. Table 53A, used for base temperature of 15°C, covers gen- 
eralized crude oils and jet fucl (JP4) over a DEND@ 15°C 
range of 610 to 1075 kg/m?. 

c. Table 23A, used for base temperature of 60°F, covers gen- 
eralized crude oils and jet fuel (JP4) over a RD@60°F range 
of 0.6110 to 1.0760. 


R2. API MPMS Chapter 11.1, Volume X (ANSI/ASTM 
D1250-1980), Tables SB, 53B, and 23B cover generalized 
products. The document specifies the implementation proce- 
dures, together with rounding and truncating, to determine the 
base density (RHOb) from the observed density (RHOcbs) 
and observed temperature (Zobs) at base pressure (Pb). 


a. Table 5B, used for base temperature of 60°F, covers gener- 
alized products (excluding JP4) over an API@60°F gravity 
range of 0 to 85° API. 

b. Table 53B, used for base temperature of 15°C, covers gen- 
eralized products over a DENb@ 15°C range of 653 to 1075 
kg/m}, 

c. Table 23B, used for base temperature of 60°F, covers gen- 
eralized products over a RD@60°F range of 0.6535 to 
1.0760. 


R3. APJ MPMS Chapter 11.1, Volume X (ANS/ASTM 
D1250-1980), Tables SD and 53D cover lubricating oils. The 
document specifies the implementation procedures, together 
with rounding and truncating, to determine the base density 
(RHOb) from the observed density (RHOobs) and observed 
temperature (Jobs) at base pressure (Pd). 


a. Table 5D, used for base temperature of 60°F, covers lubri- 
cating oils over an API@60°F gravity range of —10 to 
40°API. 

b. Table 53D, used for base temperature of 15°C, covers lubri- 
cating oils over a DENb@ 15°C range of 825 to 1164 kg/m?. 


R4. ASTM D1250 (Table 23—Historical Edition, 1952) cov- 
ers a relative density at 60°F (RD @60°F) range of 0.500 to 
1.100. Table 23 converts the ebserved relative density at the 
observed temperature and equilibrium vapor pressure to the 
RD@60°F. 


R5. ASTM D1550, used for base temperature of 60°F, is 
applicable to both butadicne and butadiene concentrates that 
contain at least 60 percent butadiene. 
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A.3 CTL Determination 


The standards that have been developed to determine the 
CTL values for various liquids are as follows: 


C1. API MPMS Chapter 11.1, Volume X (ANSI/ASTM 
D1250-1980), Tables 6A, 54A, and 24A cover generalized 
crude oils and jet fuel (JP4). The document specifies the 
implementation procedures, together with rounding and trun- 
cating, to determine the CTL from base density (RHOb) and 
flowing temperature (7). 


a. Table 6A, used for base temperature of 60°F, covers gener- 
alized crude oils and jet fuel JP4), over an API@60°F gravity 
range of 0 to 100°API. For natural or drip gasolines and con- 
densates with API@60°F gravity greater than 100°API, use 
Table 24 of ASTM D1250 (Historical Edition— 1952). 

b. Table 54A, used for base temperature of 15°C, covers gen- 
eralized crude oils and jet fuel (JP4) over a DENbD@ 15°C 
range of 610.5 to 1075.0 kg/m. 

c. Table 24A, used for base temperature of 60°F, covers gen- 
eralized crude oils and jet fuel (JP4) over a RD@60°F range 
of 0.6110 to 1.0760. 


C2. API MPMS Chapter 11.1, Volume X (ANSI/ASTM 
D1250-1980), Tables 6B, 54B, and 24B cover generalized 
products, The document specifies the implementation proce- 
dures and the rounding and truncating procedures to deter- 
mine the CTL from base density (RHOb) and flowing 
temperature (7). 


a. Table 6B, used for base temperature of 60°F, covers gener- 
alized products (excluding JP4) over an API@60°F gravity 
range of 0 to 85° API. 

b. Table 54B, used for base temperature of 15°C, covers gen- 
eralized products (excluding JP4) over a DENb@ 15°C range 
of 653.0 to 1075.0 kg/m>. 

c. Table 24B, used for base temperature of 60°F, covers gen- 
eralized products over a RD@60°F range of 0.6535 to 
1.0760. 


C3. AP! MPMS Chapter 11.1, Volume X (ANSI/ASTM 
D1250-1980), Tables 6D and 54D cover lubricating oils. The 
document specifies the implementation procedures and the 
rounding and truncating procedures to determine the CTL 
from the base density (RHOb) and flowing temperature (7). 


a. Table 6D, used for base temperature of 60°F, covers lubri- 
cating oils over an API@60°F gravity range of —10 to 
40° API. 

b, Table 54D, uscd for base temperature of 15°C, covers lubri- 
cating oils over a DENb@ 15°C range of 825 to 1164 kg/m*. 


C4. ASTM D1250 (Table 24—Historical Edition, 1952) 
covers a relative density at 60°F (RD @60°F) range of 0.500 
to 1.100 for liquefied petroleum gases (LPG). Table 24 cal- 
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culates the CTL from the relative density @ 60°F and the 
flowing temperature (7). 


C5. ASTM D1250 (Table 6—Historical Edition, 1952), used 
for base temperature of 60°F, covers the gravity range for 
asphalt. Table 6 is recommended by the API and Asphalt Insti- 
tute for CTL determinations on asphalt and asphalt products. 


C6. ASTM D1555, used for base temperature of 60°F, is the 
industry reference for CTL values associated with certain liq- 
uid aromatic hydrocarbons. 


C7. ASTM D1550, used for base temperature of 60°F, is the 
industry reference for CTL values associated with butadiene 
and butadiene concentrates that contain at least 60 percent 
butadiene. 


C8. AP] MPMS Chapters 11.2.3 and 11.2.3M cover CTDW 
values utilized in water calibration of volumetric provers. 


a, Chapter 11.2.3, used for a base temperature of 60°F, calcu- 
lates the CTDW for the temperature of the water flowing from 
the prover (Jp) and the temperature of the water in the test 
measure (71m). 

b. Chapter 11.2.3M, used for a base temperature of 15°C, 
calculates the CTDW for the temperature of the water flowing 
from the prover (Tp) and the temperature of the water in the 
test measure (Tm). 


Fixed or Small- Variant Liquid Composition 


There are numerous specification solvents, resins, chemi- 
cals, and specialty hydrocarbons that are used or manufac- 
tured by companies are not compatible with existing industry 
CTL tables. For these materials, interested parties may wish 
to utilize proprietary liquid property tables, that have been 
used for years, and that remain in use today for many applica- 
tions. In applications where Table 6C of AP] MPMS, Chapter 
11.1 is used, then laboratory testing or fluid property tables 
can be used to determine the desired alpha (coefficient of 
expansion) value. These alpha values can be used where 
existing commercial requirements permit. 

Table 6C of AP] MPMS, Chapter 11.1 calculates the CTL 
for a liquid with a chemical composition that is fixed, or does 
not vary significantly, and whose coefficient of expansion 
may be easily determined. 

Since RHOQb is constant, no correction or determination of 
observed gravity is necessary. The APJ MPMS Chapter 11.1, 


Table 6C, is commonly used for specialized products with 
coefficients of thermal expansion that do not follow Tables 
6A, 6B, or 6D of API MPMS, Chapter 11.1. 

Use of Table 6C requires an equation of state and/or exten- 
sive data on the metered liquid. 


A.4 Compressibility Factor 
Determination (F) 


The density of the liquid shall be determined by the appro- 
priate technical standards, or, alternatively, by the use of the 
proper density correlations, or, if necessary, by the use of the 
correct equations of state. If multiple partics are involved in 
the custody transfer measurement, the method selected for 
determining the density of the liquid shall be mutually agreed 
upon by all concerned. To assist in sclecting which methods 
to utilize, the following information has been assembled for 
clarity. 


Fi. API MPMS Chapters 11.2.1, 11.2.1M, 11.2.2, and 
11.2.2M provide values for compressibility factors (F) for 
hydrocarbon fluids. The documents specify the implementa- 
tion procedures, together with rounding and truncating, to 
determine F from base density (RHObD), the flowing tempera- 
ture (7), and the flowing pressure (P). 


a. Chapter 11.2.1, used for base temperature of 60°F, covers 
hydrocarbon liquids over an APL@60°F range of 0 to 90°API. 
b. Chapter 11.2.1M, used for base temperature of 15°C, cov- 
ers hydrocarbon liquids over a DEN@{5°C range of 638 to 
1074 kg/m. 

c. Chapter 11.2.2, used for base temperature of 60°F, covers 
hydrocarbon liquids over a RD@60°F range of 0.350 to 
0.637. 

d. Chapter 11.2.2M, used for base temperature of 15°C, cov- 
ers hydrocarbon liquids over a DEN@ 15°C range of 350 to 
637 ke/m?, 


F2. The compressibility factor (F) for water utilized in the 
calibration of volumetric provers is defined as follows: 


a. For US Customary units, a constant F value 0.00000320 
(3.20E-06) per psi for water shall be utilized in the 
calculations. 

b. For SI units, a constant F value 0.000000464 (4.64E-07) 
per kPa, or 0.0000464 (4.64E-05) per bar, for water shall be 
utilized in the calculations. 
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The American Petroleum Institute provides additional resources 
and programs to industry which are based on API Standards. 


For more information, contact: 


Training and Seminars 


Inspector Certification Programs 


American Petroleum Institute 
Quality Registrar 


* Monogram Licensing Program 


Engine Oil Licensing and 
Certification System 


Petroleum Test Laboratory 
Accreditation Program 


Ph: 
Fax: 


Ph: 
Fax: 


Ph: 
Fax: 


Ph: 
Fax: 
Ph: 
Fax: 


Ph: 
Fax: 


202-682-8490 
202-682-8222 


202-682-8161 
202-962-4739 


202-962-4791 
202-682-8070 
202-962-4791 
202-682-8070 
202-682-8233 
202-962-4739 


202-682-8064 
202-962-4739 


In addition, petroleum industry technical, patent, and business 
information is available online through API EnCompass™. Call 
212-366-4040 or fax 212-366-4298 to discover more. 


To obtain a free copy of the API 
Publications, Programs, and Services 
Catalog, call 202-682-8375 or fax your 
request to 202-962-4776. Or see the 
online interactive version of the catalog 
on our World Wide Web site — 
http:/Avww.api.org. 
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American 
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Helping You 
Get The Job 
Done Right. 
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Additional copies available from APi Publications and Distribution: 
(202) 682-8375 


Information about API Publications, Programs and Services is 
available on the World Wide Web at: http:/Avww.api.org 


Petroleum Washington, D.C. 20005-4070 


ff American 1220 L Street, Northwest 
Institute 202-682-8000 
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